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ABSTRACT 
 
 
 Establishing permanent perennial vegetation that is uniform and covers at least 
seventy percent of disturbed areas is a requirement to close-out a construction project in 
South Carolina. The South Carolina Department of Health and Environmental Control 
(SCDHEC) and the South Carolina Department of Transportation (SCDOT) have well 
established procedures and protocols for contractors when establishing vegetation. 
However, difficulties are often faced by contractors to attain these coverage thresholds, 
resulting in negative consequences not only to the environment but also additional 
monetary costs. 
 A two-year study was conducted at Clemson University’s Agricultural Sciences 
Erosion Testing Facility to evaluate these difficulties. The study tested two different soil 
amendments incorporated into poor Ultisols (subsoil); topsoil and a biological growth 
stimulant (BGS), coupled with the use of supplemental watering on establishing 
vegetation. Poor Ultisols (subsoil) are commonly planted on for final stabilization in the 
Piedmont ecoregion of South Carolina, and often result in poor vegetative coverage. 
Vegetation types chosen for the study were Kentucky #31 Fescue (Festuca arundinacea) 
and Common Bermudagrass (Cynodon dactylon). Plantings occurred during the spring 
and summers of 2019 and 2020. In addition, a rainfall simulator was used to simulate a 
25-year storm event for the region (101.6 mm/hr) on two different soil moisture 
conditions: “dry” conditions (ARC I) and “saturated” conditions (ARC III). Runoff was 
collected and analyzed for turbidity and total suspended solids (TSS) in effort to 
determine how percent vegetative coverage effects runoff water quality. A Standard Least 
 iii 
Squares Regression model producing an ANOVA table, was used to analyze the final 
percent vegetative coverage and water quality (turbidity and TSS) data.  
 For the 2019 experiments, topsoil amended plots receiving supplemental water 
(AMD-SW) produced the highest final coverage (66.37-88.77% for fescue and 75.88-
89.55% for bermudagrass). Both 2019 tests revealed the interaction effects between the 
two treatments made a significant difference in the final percent coverage (p-values < 
0.05). In the 2020 experiments, the BGS plots receiving supplemental water (BGS, 
AMND-SW) resulted in the greatest coverage for fescue (76.84%). No treatment 
significantly influenced cover in the 2020 fescue test (p-values > 0.05). The 2020 
bermudagrass test resulted in the BGS non-supplemental watered (BGS, AMND-NSW) 
plots attained the highest coverage (84.93-90.47%), and a statistical relationship was 
determined for the non-supplemental water (NSW) treatment (p-value < 0.05). The water 
quality data revealed no statistical difference in percent vegetative coverage effect on 
TSS, but a negative relationship with percent vegetative coverage and turbidity (p-value 
< 0.05). 
 iv 
DEDICATION 
 
I would like to dedicate this thesis to my parents Todd, and Sharon Barnette. It is 
their teaching and guidance that has helped me stay the course while pursing my master’s 
degree and throughout all challenges of life. Without their love and support, I would have 
never been able to achieve my goals and become the man I am today. To both of you, 
thank you for all that you have done. 
 v 
ACKNOWLEDGMENTS 
 
 
 First, I would like to thank Dr. Charles V. Privette III, my advisor, for his constant 
support and guidance during my graduate studies. Also, I would like to thank the rest of 
my committee Dr. Calvin B. Sawyer, and Dr. Dara M. Park. Each of you have provided 
something truly special to my philosophies and career path, and none of this could have 
been done without each of you. 
  I would also like to thank William Smoak and all those at the Research Farms for 
their help and support with rebuilding the erosion test plots. Thanks to Ryan Dean and 
Jacob Koch for their aid in testing and the data collection process. Special thanks to 
Jeremy Pike, Brennan Teddy, Jacob Koch, Hunter Massey, Michael Masters, Delaney 
McGrady, Dr. Michael Vassalos, Dr. Billy Bridges, and Dan David for your constant 
encouragement and support throughout my graduate work.  
Thank you to Dr. Michael Robeson and Jessie Clark of Profile Products for 
supplying materials need and assistance with BGS applications needed for testing. Also, 
thank you to Mike Echols and all the Grounds Crew guys for lending tools and always a 
helping hand. 
Also, thank you to my loving girlfriend Meghan Williams. Over the last two and a 
half years, you have given me the confidence and motivation I needed to complete this 
thesis. Without your constant love, support, and encouragement I would have never been 
able to accomplish this.   
 vi 
 Lastly, I would like to thank all the members of the Agricultural Sciences 
department. All have contributed to me learning and experiences in some form or 
fashion, and without each of you I would not be the person I am today. 
 
  
 vii 
TABLE OF CONTENTS 
 
 
Page 
 
TITLE PAGE .................................................................................................................... i 
 
ABSTRACT ..................................................................................................................... ii 
 
DEDICATION ................................................................................................................ iv 
 
ACKNOWLEDGMENTS ............................................................................................... v 
 
LIST OF TABLES .......................................................................................................... ix 
 
LIST OF FIGURES ........................................................................................................ xi 
 
CHAPTER 
 
 I. INTRODUCTION ......................................................................................... 1 
 
 II. LITERATURE REVIEW .............................................................................. 5 
 
   Introduction .............................................................................................. 5 
   Erosion and Water Quality....................................................................... 5 
   Turbidity and Total Suspended Solids (TSS) .......................................... 8 
   Construction Site Erosion and Control .................................................. 11 
   Construction Site Erosion/Sediment Control BMPs .............................. 12 
   Vegetation Establishment on Construction Sites ................................... 14 
   Rainfall Simulators ................................................................................ 17 
 
 III. METHODS AND MATERIALS ................................................................. 22 
 
   Research Site Description ...................................................................... 22 
   Plot Design and Setup ............................................................................ 22 
   Rainfall Simulator Design...................................................................... 24 
   Rainfall Simulator Uniformity ............................................................... 25 
   Planting Procedures and Growth Process .............................................. 26 
   Vegetation Coverage Analysis ............................................................... 37 
   Simulation and Sampling Procedures .................................................... 39 
   Turbidity and TSS Analysis ................................................................... 43 
   Soil Textural Analysis............................................................................ 46 
   Soil Nutrient and Percent Organic Matter Analysis .............................. 47 
   Universal Soil Loss Equation (USLE) Calculations .............................. 48 
 viii 
   Statistical Analysis ................................................................................. 49 
 
 IV. RESULTS AND DISCUSSION .................................................................. 51 
 
   Vegetation Coverage Analysis ............................................................... 52 
   YR-1 Fescue........................................................................................... 53 
   YR-1 Bermudagrass ............................................................................... 55 
   YR-2 Fescue........................................................................................... 58 
   YR-2 Bermudagrass ............................................................................... 58 
   Vegetation Discussion ........................................................................... 61 
   YR-1 Fescue........................................................................................... 61 
   YR-1 Bermudagrass ............................................................................... 63 
   YR-2 Fescue........................................................................................... 63 
   YR-2 Bermudagrass ............................................................................... 65 
   Water Quality (Turbidity and TSS) ....................................................... 66 
   YR-1 Fescue........................................................................................... 66 
   YR-1 Bermudagrass ............................................................................... 67 
   YR-2 Bermudagrass ............................................................................... 70 
   Vegetative Cover Effect on Turbidity and TSS ..................................... 72 
    
 V. CONCLUSIONS.......................................................................................... 76 
 
APPENDICES ............................................................................................................... 79 
 
 A: Pump Station and Rainfall Simulator .......................................................... 80 
 B: Soil Textural and Nutrient Tables ................................................................ 86 
 C: Rainfall Simulation Water Quality 
   (Turbidity and TSS) Tables ................................................................... 90 
REFERENCES .............................................................................................................. 94 
 ix 
LIST OF TABLES 
 
 
Table Page 
 
 3.1 Year One Application Rates ........................................................................ 31 
  
 3.2 Year Two Application Rates ........................................................................ 35 
 
 3.3 Antecedent Rainfall for Antecedent Runoff Conditions .............................. 40 
 
 3.4 Volumetric Water Content for Each Storm Simulation ............................... 41 
 
 3.5 USLE Variables ........................................................................................... 48 
 
 4.1 2019 and 2020 Water Budgets ..................................................................... 51 
  
 4.3 ANOVA Table for ARC Tests Conducted in 2019 for 
   (a-b) KY-#31 Fescue and (c-d) Bermudagrass ...................................... 52 
 
 4.4 Fescue 2019 ARC I and II Turbidity and TSS Means ................................. 66 
 
 4.5 Bermudagrass 2019 ARC I and ARC III Turbidity and 
  TSS Means ................................................................................................... 56 
 
 4.6 2019 Bermudagrass ARC I Runoff Flow Rate (LPM) ................................ 68 
 
 4.7 2019 Bermudagrass ARC III Runoff Flow Rate (LPM) .............................. 69 
 
 4.8 2019 Calculated Soil Loss Actual ................................................................ 69 
 
 4.9 2019 Calculated Theoretical Soil Loss ........................................................ 69 
 
 4.10 2020 Bermudagrass ARC I and ARC III Turbidity 
   and TSS Means ...................................................................................... 70 
 
 4.11 2020 Bermudagrass ARC I Runoff Flow Rate (LPM) ................................ 71 
 
 4.12 2020 Bermudagrass ARC III Runoff Flow Rate (LPM) .............................. 71 
  
 4.13 2020 Calculated Soil Loss Actual (kg/ha) ................................................... 71 
 
 4.14 Calculated Theoretical Soil Loss (kg/ha) ..................................................... 72 
 
 x 
List of Tables (Continued) 
 
Table Page 
 
4.15ANOVA Table for Runoff Water Quality Analysis ............................................... 72 
 
 xi 
LIST OF FIGURES 
 
 
Figure Page 
 
 3.1 General Layout of Erosion Tests Plots ........................................................ 23 
 
 3.2 Runoff Plot Drain Lines ............................................................................... 23 
 
 3.3 Rainfall Simulator Layout............................................................................ 24 
 
 3.4 SCDOT Seeding Rates and Planting Dates ................................................. 27 
 
 3.5 SCDOT Upper and Lower State Region Designations ................................ 28 
 
 3.6 Year One Plot Setup..................................................................................... 30 
 
 3.7 Year Two Plot Setup .................................................................................... 34 
 
 3.8 Canopeo App Procedure .............................................................................. 38 
 
 3.9 Canopeo Pixel Image Conversion ................................................................ 39 
 
 3.10 Runoff Grab Samples ................................................................................... 43 
 
 3.11 Turbidity Vial Analysis................................................................................ 44 
 
 3.12 Mettle AE 240 Balance Scale ...................................................................... 45 
 
 3.13 “Wet” Weight Samples ................................................................................ 45 
 
 3.14 “Dry” Weight Samples ................................................................................ 46 
 
 3.15 Soil Textural Triangle .................................................................................. 47 
 
 4.1 Mean Percent Vegetative Cover and Standard Error at 
   Time of the 2019 KY#31 Fescue ARC I Simulation ............................. 54 
 
 4.2 Average Weekly Percent Coverage Bermudagrass 2019 ............................ 55 
 
 4.3 Mean Percent Vegetative Cover and Standard Error at 
   Time of the 2019 Bermudagrass ARC I Simulation .............................. 56 
 
  
 xii 
List of Figures (Continued) 
 
Figure Page 
 
 4.4 Mean Percent Vegetative Cover and Standard Error at  
   Time of the 2019 Bermudagrass ARC III Simulation ........................... 57 
 
 4.5 Average Weekly Percent Coverage Fescue 2020 ........................................ 58 
 
 4.6 Average Weekly Percent Coverage Bermudagrass 2020 ............................ 59 
 
 4.7 Mean Percent Vegetative Cover and Standard Error at 
   Time of the 2020 Bermudagrass ARC I Simulation .............................. 60 
 
 4.8 Mean Percent Vegetative Cover and Standard Error at 
   Time of the 2020 Bermudagrass ARC III Simulation ........................... 61 
 
 4.9a Erosion Damage to Plots .............................................................................. 64 
 
 4.9b Erosion Damage to Plots .............................................................................. 64 
 
 4.10 Average Percent Cover and Turbidity Regression ....................................... 74 
 
1 
CHAPTER ONE 
 
INTRODUCTION 
 
Soil erosion is a process where soil particles are detached and transported due to 
natural weathering factors (Julien, 2010). Even though erosion is a natural process, 
human activities like development and construction can significantly increase soil erosion 
(NRCS, 2000). A Virginia study found that erosion from construction sites was 10 times 
higher than agricultural areas, 200 times more than grasslands, and 2,000 times greater 
than forests (Vice et al., 1969). Another study (Faucette et al., 2005) showed erosion 
from construction sites can be up to 20 times greater than land used for agricultural 
production. 
Erosion is not only detrimental due to soil loss, but also causes many other 
environmental problems. According to the United States Environmental Protection 
Agency (EPA), increased erosion can result in higher turbidity for receiving water bodies. 
Higher turbidity levels can have negative impacts on ecosystems (EPA, 2019). 
Suspended sediments can cause numerous problems from limiting photosynthetic 
activities to detrimental effects on aquatic organisms. Eroded sediment can also carry 
contaminants that are attached to soil particles creating additional water quality problems 
(Davies-Colley & Smith, 2007). With a growing world population and continued changes 
to land use through development activities, creating better practices and procedures to 
minimize soil erosion will remain a priority. 
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Many county and state agencies have developed regulations to minimize erosion 
and sedimentation from construction sites. These regulations vary from location to 
location and even from site to site. The South Carolina Department of Health and 
Environmental Control (SCDHEC) requires “for areas greater than one acre, smaller than 
one acre if within a half-mile of a coastal receiving water, or part of a larger common 
development” which soils have been disturbed for construction purposes, a 70% uniform, 
permanent vegetative cover must be established to be classified as “permanently 
stabilized” (SCDOT, 2017). Without the establishment of vegetation, soil erosion 
remains high leading to problems with stormwater runoff quality.  
The purpose of this research is to improve vegetation establishment methods and 
evaluate the effects vegetation has on stormwater quality. A similar study performed at 
North Carolina State University tested methods on establishing vegetation that resulted in 
test sites having no more than 60% average vegetation cover (Babcock & McLaughlin, 
2011). While such coverage is preferred to exposed soil, it still would not pass the 
required South Carolina final stabilization requirements.  
Three commons methods for establishing vegetation on construction sites are 
laying sod, broadcast seeding, and hydroseeding. The use of sod provides immediate 
erosion protection as it completely stabilizes the disturbed soil (Burghara, 2004). This 
accomplishes the goal of final stabilization however, it is expensive, especially for large 
projects and areas. Even though sod can create immediate protection, it still requires 
proper nutrients and water to ensure permeant establishment. The use of seed to establish 
vegetation is another common method employed on construction sites. This seed can be 
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spread one of two ways, either by a spreader or hydroseeder. When using a broadcast 
spreader, the seed and fertilizer are spread separately and then covered with an 
application of straw for erosion control. This method can be used for either temporary or 
final stabilization but can take a longer time for vegetation to establish. Seed can also be 
sprayed onto disturbed soils using a hydroseeder. Hydroseeding is the combined 
application of a slurry that includes some combination of hydromulch, seed, fertilizer, 
and emulsion stabilizer onto unprotected soils using mechanized equipment (City of 
Springfield, 2008). These components are mixed using water at a rate specified by the 
product manufacturer to create a slurry. The slurry is then sprayed using hydroseeder on 
the site to protect the soils and encourage vegetation germination and growth.   
Construction activities often remove nutrient-rich topsoil and require inorganic 
fertilizers when re-establishing vegetation (EPA, 2005). The use of excess fertilizer can 
lead to nutrient leaching and nutrient-rich runoff. This nutrient discharge can cause 
eutrophication of downstream waterbodies. This study investigated potential practices 
which can make establishment of vegetation on poor soils common to construction sites, 
quicker and more attainable. 
 
Goals and Objectives 
The overall goal of this research was to investigate vegetation establishment 
methods on construction sites. The four objectives developed to achieve this goal were 
the following: 
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• Incorporate and test the effects of amended topsoil on the establishment rate and 
coverage of Kentucky #31 Fescue (Festuca arundinacea) and Common 
Bermudagrass (Cynodon dactylon) on poor Ultisols.   
• Evaluate the effects a Biological Growth Stimulant (BGS) have with 
establishment of Kentucky #31 Fescue (Festuca arundinacea) and Common 
Bermudagrass (Cynodon dactylon) on poor Ultisols.   
• Investigate the effects of supplemental watering for vegetation establishment of 
Kentucky #31 Fescue (Festuca arundinacea) and Common Bermudagrass 
(Cynodon dactylon) on poor ultisols. 
• Determine the effects percent vegetation coverage has on turbidity and TSS of 
stormwater runoff. 
By achieving these objectives, more efficient methods of establishing vegetation 
on construction sites for final coverage can be obtained. Better methods will allow for 
faster and denser overall coverage of vegetation which will decrease soil erosion and 
improve sediment control from construction sites and allow projects to be classified as 
stabilized. This increase in control will reduce stormwater pollution to adjacent water 
bodies and stormwater systems. 
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CHAPTER TWO 
 
LITERATURE REVIEW 
Introduction 
Soil erosion is the process of particles being dislodged and transported to other 
locations by wind and water (Xiao et al., 2010). This is a process that naturally occurs in 
the environment but can also be accelerated due to human activities. Activities that 
increase include urbanization, construction, and agricultural activities. The National 
Resources Conservation Service (NRCS) released their National Resource Inventory in 
2015 showing United States cropland lost 10,357 kg of soil per hectare per year to water 
and wind erosion. According to the United States Department of Agriculture (USDA), in 
2017 soil erosion cost the United States approximately $45B (Halopka, 2017).  
The potential environmental impacts include increased turbidity, total suspended 
solids, and nutrient loading. These issues can vastly adversely affect aquatic ecosystems 
and even result in their total degradation. This degradation not only harm the organisms 
in these ecosystems, but also affects the well-being and pockets of Americans. Great 
advancements have been made in preventing and limiting sediment into the waters of the 
United States, however more research is required to minimize this pollution and ensure 
ecosystem health for the future. 
 
Erosion and Water Quality 
Erosion is a natural process. While it is a natural phenomenon, human actions 
increase its frequency and volume. Soil can be eroded by two common environmental 
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factors: wind and water. The sources of water erosion are ice, snowmelt, and rainfall. 
There are four different types of erosion due to water: splash, sheet, rill, and gully. Splash 
erosion is also known as raindrop erosion and is the detachment of soil particles resulting 
from raindrop energy applied to bare soils. Raindrops from storms can splash soil 
particles 3-5 feet away from impact and cause up to 90 tons per acre of soil erosion (Al-
Kaisi & Licht, 2005). A secondary effect of splash erosion is its tendency to block 
surface pore space inhibiting water infiltration and leading to higher volume and velocity 
of runoff (Al-Kaisi & Licht, 2005). The next type of erosion is sheet erosion. Sheet 
erosion is the detachment and movement of soil particles by water flowing overland as a 
uniform sheet (The Editors of Encyclopedia Britannica, 2017). The uniform sheet is a 
series of small rills which flow overland (Nebraska Natural Resources Department, 
2007). Splash and sheet erosion are also commonly referred together as interrill erosion 
(Rivas, 2006). A common control method for interill erosion is having a groundcover. If 
interrill erosion progresses, it leads to rill erosion which is often more visible and severe. 
Rill erosion is defined as a series of small channels of eroded soil forming from 
concentrated overland runoff (Schwab, 1971). The sizes of the rills are classified as no 
more than 7.62 cm (3 in) in depth and 0.51-5.1 cm (0.2-1.2 in) in width (Rivas, 2006). 
Rill erosion based on the micro-topography of the landscape which is easily fixed with 
tillage after a storm event, leading to their occurrence being in random locations during 
each event (Haan et al., 1994). As rill erosion deepens and widens, it becomes known as 
gully erosion. The gullies formed are often U or V-shaped on slopes containing 
concentrated flow (Rivas, 2006). Gully width can range in size depending on severity but 
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are often a couple of inches to several feet wide. Gully erosion commonly forms on 
slopes of exposed soil and in several other areas including drainage-ways, between rows 
and rutted areas in agricultural fields, and on broken terraces (NNRD, 2007). 
Remediating gully erosion is often difficult and typically cannot be fixed with tillage like 
rill erosion (NNRD, 2007). Gully erosion is based on more macro-topography of the 
environment, resulting in it reoccurring in the same location after each rainfall event 
(Haan et al., 1994).  
According to the EPA, the primary pollutants in the nations water bodies are 
bacteria, heavy metals, nutrients, and sediment (EPA, 2000). The most common of these 
pollutants is sediment (Mid-America Regional Council, 2017). A 2017 report from the 
Mid-America Regional Council (MARC), stated that seventy percent of the eroded 
sediment in the United States is caused by human alteration of land, mainly from 
construction activities (MARC, 2017). Many researchers have studied effects, sediment 
has on water quality (Davies-Colley & Smith, 2001; Ikem & Adisa, 2010; Karlesson et 
al., 2010; Newcombe & MacDonald, 1991). Erosion is not only detrimental to aquatic 
organisms and ecosystems, but also to health of humans and its economic effect on 
society. Each year it is estimated sediment pollution causes $16 billion dollars of damage 
in the United States (MARC, 2017).  
Not only does sediment cause environmental issues with aquatic systems and 
organisms such as increased turbidity, irritation of fish gills, and altering the physical 
landscape of streams; but what is attached to the particles causes secondary issues. 
Studies have shown that sediment can carry nutrients and heavy metals into adjacent 
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8water bodies from erosion and runoff (Faircloth, 1998; Oschwald, 1974; Vaze & Chiew, 
2004). Nitrogen, phosphorus, and other nutrients are commonly applied for agricultural 
and vegetative growth purposes. These nutrients also find a way into natural aquatic 
systems and cause a variety of environmental problems. Nitrogen generally enters a water 
body from runoff as ammonium (NH4
+) or nitrate (NO3
-), and can be toxic to fish (USGS, 
2020). Phosphorus is often less mobile in soil and makes its way into water bodies from 
erosion in the form of phosphate (PO4
3-) (USGS, 2020). Phosphorus has been 
documented to increase algae growth that can lead to the development of harmful algal 
blooms (HABs). HABs are substantial populations of microscopic algae which develop 
from excess nutrients in water bodies and cause adverse effects fish, shellfish, and other 
marine organisms (NOAA, 2016). HABs also cause water bodies to become degraded by 
creating hypoxic and toxic environments (Paerl et al., 2001). This process is a result of a 
high concentration of nutrients in the waters, also known as eutrophication (NOAA, 
2020) . Eutrophication can rapidly impact an aquatic ecosystem and result in fish kills 
and create “dead zones” (Schindler et al., 2008). In addition to environmental impacts 
caused by eutrophication, it costs the economy 2.2 billion dollars each year in the United 
States (Dodds et al., 2009).  
Turbidity and Total Suspended Sediment (TSS) 
One of the more noticeable effects of sediment entering and disrupting water 
quality is with increased turbidity. Turbidity is widely known as the visual clarity of 
water. A more technical definition of turbidity is the reduction of light intensity due to the 
particles suspended in the water (Swenson & Baldwin, 1965). Greater reduction in the 
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light intensity indicates higher turbidity, which typically represent more particles in the 
water sample. Common substances in water bodies which contribute to turbidity include 
sediment, organic compounds, and minute aquatic organisms (USGS, 2020). Turbidity is 
measured is several ways. One measurement technique is the use of a Secchi disk, which 
is a black and white patterned disk. This measurement technique places a disk in water 
allowing it to sink until it is no longer visible (Bruckner, 2020). This procedure is 
repeated several times and the average measured depth is determined to estimate the 
turbidity of the water. Another method is to use a turbidimeter to determine turbidity. 
There are two general types of turbidimeters: benchtop and in-situ. Benchtop 
turbidimeters are often used in laboratories, while handhelds are more commonly used 
for taking field measurements. Both types of turbidimeters use the measurement of 
transmitted or scattered light waves to determine the turbidity. Turbidimeters vary with 
the light source and angle of detection. Common light sources used in turbidimeters are 
incandescent, light emitting diodes (LED), and laser light (Sadar, 2003). Turbidimeter 
technology also differs in angle of detection. The detection angles used are attenuated 
angle (180°), backscatter angle (0-45°), and the nephelometric angle (90°) (Sadar, 2003). 
The nephelometric angle (90°) is the most widely used and is accepted under EPA 
Method 180.1 (O’Dell, 1996; Sadar, 2003) Each type turbidimeter comes with 
advantages and disadvantages. However, they are all useful in accurately determining the 
turbidity of samples as an indicator of water quality.  
A similar and often coupled concept to turbidity is total suspended solids (TSS). 
TSS is often determined by drying and weighing the samples to find the amount of mass 
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of solids in the water sample. The complete standard operating procedure is outlined in 
EPA Method 160.2. TSS are particles in water which are larger than 2 microns in size, 
which consist of microscopic organisms, clay, silt, and other fine particles (EPA, 2012). 
TSS not only contributes to turbidity of the water, but also introduce heavy metals, 
polycyclic aromatic hydrocarbons (PAHs), and other compounds into the water; all of 
which create adverse ecological effects (Rossi et al., 2006). While these two are often 
used in conjunct with one another, turbidity is an optical measurement while TSS is a 
mass per unit volume measurement. 
Increased turbidity and TSS are signs of decreased water quality and ecosystem 
health. Turbidity has been shown to cause multiple problems to aquatic organisms. A 
1981 study conducted at North Carolina State University by Gardner showed that feeding 
rates of Bluegills (Lepomis macrochi) were reduced at higher levels of turbidity which 
can adversely affect the population (Gardner, 1981). Another study in 2002 by Bonner 
and Wilde analyzed the effect of turbidity on feeding efficiency of a variety of fish 
species. The study found that higher turbidity levels reduced the feeding consumption of 
all species used in the study. Additionally, higher turbidity levels have shown to cause 
changes in gill structure in New Zealand snapper (P. auratus, Sparidae) (Cumming & 
Herbert, 2016). Turbidity is not only harmful to aquatic fauna, but also aquatic plants. 
According to National Oceanic and Atmospheric Administration (NOAA), increased 
turbidity reduces light into water bodies therefore hindering the photosynthetic activities 
of aquatic plants (NOAA, 2020). This effect directly harms the aquatic plants, but also 
the other organisms which use them as a food source.  
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There are several studies that say erosion from construction sites can be anywhere 
from 10 to 100 times higher than from cultivated lands (Faucette et al., 2005; Vice et al., 
1969; Xiao et al., 2010). Also, road and highway construction are a large contributor to 
erosion and its associated non-point source pollution (Block, 2000).  
Construction Site Erosion Control 
The construction industry in the United States is one of the largest sectors of the 
nation’s economy. New private construction accounted for 975 billion dollars and 
accounted for 4.1 percent of the country’s gross domestic product in 2019 (Wang, 2019). 
Construction includes earthwork and disturbance of land that increases erosion potential 
of the soil by exposing it to the natural elements. Erosion and sedimentation from 
construction sites contributes to environmental problems including reduced water quality 
of nearby water bodies, limiting photosynthesis, and resulting in streams being shallowed 
due to the deposited sediment.  It has also resulted in government agencies, universities, 
and private companies researching ways to combat those issues. These research efforts 
have greatly progressed over many decades and numerous methods for erosion and 
sediment control. Even with these great strides, more research and development are 
needed to keep minimizing erosion from construction sites and its related impacts on the 
environment.  
Construction activities are often conducted on smaller parcels of land than 
agricultural lands but causes erosion losses approximately 100 times higher (Brady & 
Weil, 1999). Without control of erosion and sedimentation from these construction sites, 
numerous environmental problems can be experienced. Two of the major erosion impacts 
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caused by construction activities are higher levels of nutrients and sediment entering the 
neighboring waterbodies (NRCS, 2000). These impacts have resulted in decades of 
research and regulations to control, reduce, and manage the sediment from construction 
activities.  
A common cause for this increase in soil loss is typically contractors to strip and 
stockpile topsoil from construction sites. The resulting action leaves soil bare and 
exposed to environmental elements creating a high potential of erosion from water and 
wind. A 2003 study conducted by Benik et al., assessed various soil covers on 
construction sites and their associated erosion concentrations. Bare (uncovered and 
unvegetated) soil was found to produce the highest sediment yield of all treatments 
(1,100-97,000 kg/ha), approximately 100 times greater than when other erosion control 
products analyzed (Benik et al., 2003). This study is just one of many documenting how 
bare soil is the primary contributing site condition in soil erosion (Cerdà, 1999; Marques 
et al., 2007; Yue et al., 2020). 
Construction Site Erosion/Sediment Control Best Management Practices 
There are measures implemented to control erosion from construction sites, 
commonly known as Best Management Practices (BMPs). These practices are designed 
to minimize and control erosion within the perimeter of construction sites. BMPs can 
range from various forms of erosion prevention to sediment control practices.  
One of the simplest and most effective BMP are groundcovers used to stabilize 
the soil and control erosion. Types of erosion prevention covers commonly used are loose 
mulches, erosion control blankets, and hydromulches. Loose mulches are used to cover 
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the soil reducing rain drop impact velocity and limit the formation of rills on slopes 
(Metropolitan Council, 2001). Straw and wood chips are to two general forms of loose 
mulches (NRCS, 2013). Both are lightweight and can be blown away with wind if they 
are not held in place with a tackifier (Babcock & McLaughlin, 2019). Mulches, when 
applied properly and in sufficient quantities, can provide adequate erosion control on 
small areas. Erosion control blankets consist of fibers woven into nettings that are rolled 
on bare slopes to control raindrop and overland erosion (City of Springfield, 2014). The 
type of fibers used in the ECBs include straw, wood fibers, and coconut fibers (Babcock 
& McLaughlin, 2019). Hydromulches are another type of groundcover used for erosion 
prevention. They are applied as a “wet” mulch sprayed from a hydroseeder onto slopes 
and bare soil. The mixture is a slurry that contains fibers and engineered additives to 
stabilize the soil (Babcock & McLaughlin, 2019). These groundcovers are a temporary 
cover until vegetation establishes on the disturbed area. For most regulatory agencies in 
the United States, final stabilization for controlling construction site erosion occurs when 
vegetation covers a certain percentage of the disturbed area, typically seventy percent 
(Mastronardi, 2016; SCDHEC, 2020; SCDOT, 2017; TCEQ, 2018). Attaining this 
vegetation establishment is the goal for construction projects (Cedergren, 1974; Grace III, 
2002; Faucette et al., 2006). 
 In addition to groundcovers used for erosion prevention on construction sites, the 
other category of commonly used BMPs is, runoff/sediment control. Runoff control 
BMPs manage the contaminated runoff from construction sites. Common devices are 
check dams, grass-lined channels, permeant slope diversions, and temporary diversion 
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dikes (EPA, 2019). Common sediment control devices are sediment basin and traps, 
vegetated buffers, rock check dams, inlet drain protection, and silt fences (EPA, 2019). 
These methods serve as areas where sediment laden runoff can have its velocity can be 
reduced, allowing sediment to settle (EPA, 2005). Proper conveyance of this stormwater 
is critical to reducing sediment pollution from construction sites into nearby water bodies.  
Vegetation Establishment on Construction Sites 
Vegetation establishment on construction sites has been a topic of many studies 
over the past half century. It is commonly required as a final stabilization method for 
controlling erosion and sedimentation from construction sites for numerous regulatory 
agencies across the United States (EPA, 2012; Mastronardi, 2016; MPC, 2001; NDOT, 
2006; SCDOT, 2017). Vegetation aids in erosion and sediment control by anchoring soil 
with roots, slowing runoff velocity, and reducing raindrop “splash” erosion (Faucette et 
al., 2006). Projects often cannot be considered completed until vegetative coverage 
reaches a minimum of seventy percent uniform coverage on soils that were disturbed 
(EPA, 2012). The establishment of vegetation can be viewed as a simple process but is 
time consuming and complicated. Without proper consideration and techniques, it can 
result in costly failures. There have been numerous efforts and strides in research to 
determine a single, universal plan to establish vegetation on construction sites. However, 
an adequate establishment process varies depending on location, soil type, vegetation 
selection, and other site characteristics  
Establishing vegetation be a difficult task due to the adverse effect construction 
has on the underlying soil. A typical construction practice is to remove topsoil and build 
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on the underlying compacted subsoil (Strohmayer, 1999). This process often removes 
nutrients and soil microorganisms that are essential to the establishment and growth of 
vegetation. The topsoil can be stockpiled and reapplied to aid in establishment, however 
this is not always the case resulting in failed attempts to grow vegetation. Such failures 
may cause adverse environmental impacts and result in projects bearing the cost for 
multiple attempts.  
Because of its inconsistent compaction, topsoil is generally removed and 
stockpiled on site for reapplication at the end of construction. Unfortunately, topsoil can 
be stored for long periods of time resulting in its quality being diminished (Strohmayer, 
1999). Additionally, there are instances where topsoil is not reapplied and can lead to 
poor vegetation growth with exposed soils. Construction also degrades on-site soil quality 
by increasing its compaction. Materials, trucks, and other heavy equipment can greatly 
compact soil, is very harmful to plant establishment and growth by limiting air and water 
movement in the soil (NRCS, 2005). Air and water are two of the critical components to 
healthy soil composition (University of Hawaii at Manoa, 2020). To alleviate 
compaction, a standard practice from numerous DOT agencies requires tillage as part of 
site preparation for planting (Mastronardi, 2016; NDOT, 2006; SCDOT, 2017). Nutrient 
reduction and compaction are two of ways construction activities can degrade soil 
quality, resulting in greater difficulties in establishing vegetation for final stabilization.  
There are three common methods for establishing vegetation on construction 
sites. These methods include establishment from broadcast seeding, hydroseeding, and 
laying sod. Each method has their own benefits and challenges, but all require 
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appropriate soil fertility to be effective for permeant stabilization. Several studies have 
addressed the soil fertility and compaction impacts associated with construction 
activities. A 2011 study performed by Brown and Gorres looked at soil amendments to 
improve vegetation, along highways in Rhode Island. The two soil amendments used in 
the study were biosolids and yard compost, with untreated subsoil as the control. They 
found for sites along two highways in Rhode Island, that adding a soil amendment to 
raise the level of organic matter in the soil significantly raised the density of grass cover 
(Brown & Gorres, 2011). These results were similar to those found by Richard et al. 
(2002) at the University of Nebraska-Lincoln. They found that incorporating compost in 
the forms of biosolids and yard waste had similar results to that of topsoil and reduced the 
amount of weed growth significantly (Richard et al., 2002). Another study conducted by 
Hillhouse et al. (2017) tested the use of fertilizers and adding topsoil to revegetating 
roadsides. They concluded that adding topsoil prior to planting resulted in greater percent 
higher vegetative cover (Hillhouse et al., 2017). This corresponds to similar findings that 
adding topsoil to altered soils increases microbial, phosphate activities, and soil 
respiration; all which aid in establishment and growth of vegetation (Rivera et al., 2014).  
Another difficulty in establishing vegetation on construction sites and roadsides, 
is insufficient soil moisture. When establishment is attempted in dry conditions the 
establishment of the vegetation can be adversely impacted. Jefferies et al. (2017) 
analyzed sod establishment of Zoysiagrass adjacent to guardrails in North Carolina. Their 
results showed that for Year 1 the Zoysiagrass was established and had a high coverage 
rate of greater than sixty percent, but for Year 2 the coverage rate was much lower due to 
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less rainfall and cooler winter temperatures (Jefferies et al., 2017). Similarly, researchers 
at North Carolina State University in 2011 found that rainfall amounts are highly 
correlated with vegetation establishment on construction site slopes (Babcock & 
McLaughlin, 2011). The negative effects of insufficient soil moisture are further 
supported by Bochet and Garcia-Fayos (2004) who determined rainfall event variation 
was one of the main contributing factors to vegetative cover on roadcuts in Spain. These 
studies are examples showing the importance of water when attempting to establish 
vegetation on areas of construction.  
Rainfall Simulators 
There have been numerous designs and adaptations of rainfall simulators 
throughout the history of erosion research. Without their design and use, our 
understanding of rainfall and its effects on soil erosion would not be where it is today. 
Rainfall simulators allow for increased control of experiments and can decrease the 
uncontrollable variables that come from research that relies on rainfall alone. They are 
commonly expensive to design and build, but once constructed they often reduce the 
labor need when compared to natural rainfall-based experiments (Renard, 1986). Even 
though much consideration goes into design of simulators to create the most realistic 
conditions, they still only provide a simulation of natural events and do not replace the 
need for studies using naturally occurring rainfall (Meyer, 1994). However, even though 
rainfall simulators have their disadvantages, without these useful tools, much of the 
research and understanding of soil and water relationships may not be known today. 
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Erosion prevention and sediment control research requires rainfall to measure soil 
loss. Natural rainfall events create the most realistic conditions for erosion research. 
However, these events and their intensities are both unpredictable and uncontrollable. 
These limitations often make relying upon natural rainfall events for erosion research 
difficult and time-consuming. Due to these limitations, rainfall simulators were 
developed to expedite research efforts. Simulators have been designed and used for 
various types of research and experimentation in both laboratory and field plot seetings 
(Humphry, 2002; Lora et al., 2016, Regmi & Thompson, 2000; Shelton, 1985; Young & 
Wiersma, 1973).  
The use of rainfall simulators has advantages and disadvantages. One advantage is 
to control the rainfall component used for research (Bowyer-Bower & Burt, 1989). By 
having control of rainfall for plot studies, researchers can manage the amount, duration, 
and intensity of precipitation applied to plots. The ability to control these factors allows 
researchers to simulate different storm events for various tests conducted on the same 
plots. Rainfall simulators have also been found to be time and cost efficient. With the 
capability to simulate storm events, experimental duration and the time of plot 
maintenance that are commonly required in studies using natural rainfall decrease 
(Meyer, 1994). Unfortunately, even with benefits provided by rainfall simulators, they 
have limitations as well. First, due to the amount of used to construct a simulator they are 
often very expensive (Renard, 1986). The cost of each simulator varies based on its 
design and capabilities. Based on several designs, it is feasible construction of a new 
simulator could cost between $7,000 to $12,000 (Blanquies et al., 2003; Brock et al., 
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2017; Horne, 2017). The high cost to build a simulator can make them unfeasible for 
some research projects. Another limitation of rainfall simulation is the ability to 
accurately simulate rain drop characteristics. The characteristics most important for 
simulation are rain drop size, velocity, intensity, and associated impact energy (Meyer & 
Harmon, 1979). For proper simulator design, it is critical to ensure that these 
characteristics are accounted for and designed to match the rainfall features of study area.  
Early rainfall simulators were simple and often consisted of researchers walking 
slopes discharging water using watering-cans to simulate storms (Meyer, 1994). Since 
then, there have been many models and variations of rainfall simulators that originate 
from one of two basic designs: “drip simulators” and “spray simulators” (Bowyer-Bower 
& Burt, 1989). Many of the early mechanical rainfall simulators were designed as the 
“drip-type” simulator, which are also referred to as “tip” simulators. These simulators 
hang over the research plots and drip water down onto the plots. They operate at lower 
pressures and used for smaller plots, generally no larger than 1 square meter (Lora et al., 
2016). An early note of these type simulators was in 1943 by Parsons and consisted of 
strings of yarn to formulate the drops (Mutchler & Hermsmeier, 1965). In 1947 a study 
by Ekern and Muckernhirn used a “drip-type” type simulator to test the force of droplet 
impact on sand. This device used 36 hypodermic needles attached to an aluminum 
container to create the droplets and simulate rainfall (Exern & Muckernhirn, 1947). Since 
that time, “drip-type” simulators have undergone numerous redesigns and often include 
automated mechanical controls. “Drip-type” simulators normally only have the capability 
to create a single droplet size or small range of droplet sizes (Meyer, 1994). Designs can 
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account for creating appropriate droplet size to represent desired rainfall. Another 
important factor in droplet characteristics is their impact velocity. Impact velocity of the 
droplet and their size are often discussed together as larger droplets create high impact 
velocities (Gunn & Kinzer, 1949). For “drip-type” simulators, the way to represent the 
correct velocity to droplet size relationship is to increase the height of fall. It is common 
for these types of simulators to have a height of ten meters or more from the plot to 
represent the impact velocity of a natural raindrop, that is 6-9 meter per second (Grierson 
& Oades, 1977).  
The “spray-type” method to simulate rainfall uses pressure-backed spray nozzles. 
These simulators can spray water from directly above or from the side of the research 
plots. “Spray-type” simulators have a long history in erosion and runoff research 
(Humphry et al., 2002; Meyer & McCune, 1958; Shelton et al., 1985; Tossell et al., 1987; 
Wilcox et al., 1986). Humphry et al (2002), state that “spray-type” simulators are 
preferred to “drop-type” as they can cover larger areas, portable, and typically provide 
higher rainfall intensity. They differ from “drip-type” simulators primarily because of the 
pressure used to generate the rainfall. The pressure provides the droplets an initial 
velocity that results in the terminal velocity of the droplet being attained at shorter 
heights, when compared to “drip-type” simulators (Floyd, 1981). Being able to accurately 
represent the terminal velocity of natural rainfall droplets is key when conducting erosion 
research using rainfall simulators. This allows the most realistic conditions for research. 
The attainability of representative droplet velocity does come at a cost. The higher 
pressures used to run these simulators often result in reduction of droplet size that 
 21 
produces non-representative droplet characteristics (Regmi & Thompson, 2000). Multiple 
solutions have been developed to account for this issue. Nozzles emitting greater rainfall 
intensities to increase the droplet size are commonly used. These nozzles require a device 
or method to lower the intensity of rainfall hitting the plot while maintaining the correct 
droplet size (Grierson & Oades, 1977). One method to overcome this problem is to pulse 
or periodically turn the simulator on and off. This creates an average intensity simulation 
by using durations of high and no rainfall (Muthcler & Hermsmeier, 1965). Another 
method injects air into the system, that allows for appropriate droplet size and accounts 
for system pressure (Shelton et al., 1985). Most modern simulators are derived from these 
designs but include more mechanical and automated controls. Automated solenoid valves 
to apply water and vary the intensity of simulated rainfall are one example of modern 
controls (Brock et al., 2017; Lascano et al., 1997; Regmi & Thompson, 2000). 
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CHAPTER THREE 
 
METHODS AND MATERIALS 
 
Research Site Description 
This research was conducted at the Clemson University Department of 
Agricultural Sciences’ Erosion Testing Facility that is located near LaMaster Dairy in 
Clemson, South Carolina. The facility currently contains erosion testing plots, concrete-
cloth channel, sealed sediment basin, pump station, and rainfall simulator. An established 
2 ha (5 ac) pond serves as the primary water source for the facility. A weather station 
adjacent to Lamaster Dairy Center is approximately 500 m (1,700 ft) from the test facility 
and is used to monitor daily meteorological data.  
Plot Description and Setup 
Nine, 1.83 m by 7.32 m (6 ft x 24 ft) individual plots (Figure 3.1) were designed 
following the United States Department of Agriculture (USDA) publication “Runoff Plot 
Design and Installation for Soil Erosion Studies” (Brock et al., 2017). Each plot is 
separated by a metal barrier at the top and bottom, and by concrete on the sides. They 
have an approximately a seven percent slope towards an internal drain located in the 
bottom corner. The 7.62 cm (3 in) plastic drain is connected to 5.08 cm (2 in) Schedule 
40 PVC pipe that discharges to the collection point at the bottom of all plots. These drain 
lines are labeled to allow for accurate runoff water sampling during simulated storm 
events from each of the nine plots (see Figure 3.2). Due to the natural of the rainfall 
simulator design being able to water in columns, each column of plots is considered a 
“block”. Meaning plots 1-3 are Block 1, plots 4-6 are Block 2, and plots 7-9 are Block 3. 
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Figure 3.1. General Layout of Erosion Test Plots 
 
Figure 3.2. Runoff Plot Drain Lines. 
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Rainfall Simulator Design 
The rainfall simulator for the test facility was designed to account for droplet size 
as they play a critical role in soil erosion research (Blanquies et al. 2017). The simulator 
uses Rainbird 9sst (Azusa, Cailf.) nozzles that operate at 6.89 kPa (15 PSI) and distribute 
water in a 2.74 m (9 ft) radius, producing a droplet size of 235-403 microns (Brock et al., 
2017). The riser sets are spaced 2.29 m (7.5 ft) apart to ensure both adequate coverage 
and uniformity across each plot. Each riser-set contains three risers/nozzles per side and 
every row of risers is operated individually by a solenoid valve (Figure 3.3). Each row of 
risers distributes 25.4 mm of water per hour (1 in/hr). To ensure uniformity, two rows 
(one row on each side of the plot) are ran simultaneously producing an intensity of 50.8 
mm/hr (2 in/hr).  
 
 
Figure 3.3. Rainfall Simulator Layout. 
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Using precipitation frequency data for Clemson, the system can simulate storms 
of 1-year to 1000-year reoccurrence based on specific durations (NOAA Atlas 14, 2017). 
Simulate storm intensities were 50.8 mm/hr, 101.6 mm/hr, and 152.4 mm/hr (2 in/hr, 4 
in/hr, and 6 in/hr).  This system also allows a means of adding supplemental water to 
ensure germination and growth that is part of the vegetation establishment methods being 
evaluated through this study.  
The rainfall simulator is supplied by the adjacent pond by means of a pump 
station. The pump station consists of a three horsepower Goulds pump (Model 
R6131340, Seneca Falls, N. Y.). This pump provides adequate pressure and flow of 242 
kPa (35 PSI) and 303 LPM (80 GPM) to run the rainfall simulator. The pump station is 
powered by a 7500 W Caterpillar (Model RP7500 E; Deerfield, Ill.) single phase 240 V 
AC generator. Since the pump is driven by a three-phase motor, a Fuji Variable 
Frequency Drive (VFD) (Model FRN0012C2S-7U; Edison, N. J.) was used to provide a 
3-phase voltage output. This VFD allowed the ability to stage the pump and control 
radius of throw from the nozzles to limit overspray into the adjacent plots. Photos of the 
components of the pump station and rainfall simulator can be found in Appendix A. 
Rainfall Simulator Uniformity 
 To ensure rainfall simulator performance, a uniformity test was conducted. The 
calibration test consisted of placing four rain gauges spaced in two rows, one foot inside 
each sidewall and six feet from each end of the plot (4 rain gauges per plot, 36 total 
gauges). The simulator was then started to apply the 101.6 mm/hr (4 in/hr) intensity for 
15 minutes to collect water in the gauges. After 15 minutes, the amount of water 
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collected in each gauge was recorded and compared to the theoretical amount of 25.4 
mm/0.25 hr (1”/0.25 hr). Using the collected measurements, both the Coefficient of 
Uniformity (CU) and Distribution of Uniformity (DU) were calculated using the 
following equations (Christiansen, 1942) (Merriam and Keller, 1978): 
 
 𝑪𝑼 = 𝟏𝟎𝟎% (𝟏 −
𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏 𝒇𝒓𝒐𝒎 𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒆𝒑𝒕𝒉 𝒐𝒇 𝑪𝒂𝒕𝒄𝒉
𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒆𝒑𝒕𝒉 𝒐𝒇 𝑪𝒂𝒕𝒄𝒉
 )  3.1 
 
 𝑫𝑼 = 𝟏𝟎𝟎% (
𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑳𝒐𝒘 𝑸𝒖𝒂𝒕𝒆𝒓 𝑫𝒆𝒑𝒕𝒉 𝒐𝒇 𝑪𝒂𝒕𝒄𝒉
𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒑𝒆𝒕𝒉 𝒐𝒇 𝑪𝒂𝒕𝒄𝒉
 ).    3.2 
 The rainfall simulator was tested to determine the coefficient and distribution of 
uniformity (CU and DU). This process was used to ensure all plots received adequate 
coverage when supplemental water/rainfall simulations were being applied. The tests 
revealed found the simulator to have a CU = 0.81 and a DU = 0.72. 
  
Factors Investigated: 
Planting Procedures and Growth Process 
  Planting procedures followed those outlined in the Supplemental Technical 
Seeding Specification SC-M-810-4 (SCDOT, 2017). The specification includes seeding 
and fertilizer rates, tillage requirements, planting dates, and applicable grass species 
(Figure 3.7).  
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Figure 3.4. SCDOT Seeding Rates and Planting Dates (SCDOT, 2017).  
Grass species used for this study were Kentucky #31 Fescue (Festuca 
arundinacea) and Common Bermudagrass (Cynodon dactylon). These two species were 
chosen as they are on the SCDOT approval list for perennial grasses in the Upper region 
of South Carolina and are specified to provide adequate coverage when established. A 
delineation of these regions can be found in SC-M-810-4 (Figure 3.5).  
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Figure 3.5. SCDOT Upper and Lower State Region Designations (SCDOT, 2017). 
 Poor Ultisol subsoil was sourced at a depth of 102- 203 cm (40-80 in) from a field 
adjacent to the erosion plots; approximately 458 m (1,500 ft) away and applied at a depth 
of approximately 15.24 cm (6 in) to each plot. This soil served as the representative 
growing medium of poor construction site soils for the two-year study. During the two-
year study, two different soil amendments were investigated. Amendments consisted of 
the incorporation of 76.2 mm (3 in) topsoil (YR-1) into subsoil and a commercially 
available biological growth stimulant (BGS) (Profile Products; Buffalo Grove, Ill.) (YR-
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2). All vegetation for each experiment were grown for a period of 6-8 weeks, before 
being evaluated for final percent coverage. 
YR-1:  
Nine plots were setup in the following configuration: left column contained 
unamended subsoil plots (plots 1-3) receiving supplemental water (UAMD-SW), middle 
column served as the control representing unamended subsoil (plot 4) (UAMD-NSW), 
subsoil amended with topsoil (plot 5) (AMD-NSW), and natural soil conditions found on-
site (plot 6); all receiving no supplemental water, and the right column was subsoil 
amended with topsoil plots (plots 7-9) receiving supplemental water (see Figures 3.5 and 
3.6) (AMD-SW). The middle column received no supplemental water, while all other 
plots received enough supplemental water to ensure approximately 25.4 mm (1 in) per 
week (combination of rainfall and supplemental watering). 
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Figure 3.6. Year One Plot Setup 
 31 
Topsoil was gathered from the adjacent field beside the Erosion Testing Facility, 
approximately 458 m (1,500 ft) away. The topsoil amendment was applied at an 
approximate depth of 7.62 cm (3 in) across the applied poor-quality subsoil, and 
subsequently tilled to a minimum of 7.62 cm (3 in) in accordance with SCDOT seed bed 
preparation techniques. The plots were then leveled by hand, to the approximate slope of 
7% so runoff would flow to the drains at each bottom. Seed and fertilizer were then 
applied to each plot using a Scotts hand-held spreader (71133, Marysville, O. H.) (Table 
3.1). Both Kentucky #31, Common Bermudagrass seed, and fertilizer (16-4-8) was 
attained from a local distributor in Pendleton, South Carolina. All excess was swept off 
the concrete dividers back into the plots. The plots were then lightly raked to increase 
seed to soil contact. Straw was then uniformly distributed over plots in accordance with 
SCDOT procedures.  
Table 3.1. Year one applications rates.  
Material 
Application 
Rate (lbs/ac) 
Plot Size (ft2) 
Applied 
Amount per 
Plot (lbs) 
Total Amount 
Applied (lbs) 
Seed (KY #31) 75 144 0.25 2.25 
Seed 
(Bermuda) 
50 144 0.17 1.50 
Fertilizer (16-4-
8) 
120 144 0.401 3.601 
Straw (Wheat) 2,000 144 6.60 59.40 
1Application was meant to be based on SCDOT 120 lbs N per acre not 120 lbs of 
fertilizer per acre, however there was an incorrect application made and approximately 
10% of the recommended fertilizer was applied. 
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Fescue was planted on April 18, 2019 and allowed to grow until June 13, 2019 
(YR1-Fescue). Final percent vegetative coverage data was taken on May 31, 2019 for 
ARC I and June 4, 2019 for ARC III test representing 43 and 47 days after planting, 
respectively. Each week, rainfall was monitored using the Lamaster Dairy weather station 
in conjunction with a rain gauge located adjacent to the research plots. The unamended 
subsoil plots (1-3) and topsoil amended plots (7-9) were chosen to receive supplemental 
water to evaluate its effects on vegetation establishment. These plots received 
approximately 25.4 mm (1 in) of water per week from rainfall or supplemental watering. 
Plots 4-6 received no supplemental water and relied on natural rainfall for growth to 
represent typical construction site conditions.  
Once the vegetative growth period of six to eight weeks was complete and 
erosion/runoff simulations conducted, vegetation was killed using glyphosate at a rate of 
2.45 kg AI/ha (5.4 lbs AI/ac). Following desiccation of the fescue, the plots were tilled, 
and the remaining vegetation removed by hand. The soils of the plots were not excavated 
between yearly experiments. Seedbeds of the plots were then prepared following the 
same techniques described previously with the next grass type/soil amendment.  
Common bermudagrass was then planted on July 2, 2019 and grew until 
September 10, 2019 (YR1-Bermuda). The ARC I final percent coverage analysis was 
taken on September 6, 2019 and on September 10, 2019 for the ARC III test representing 
66 and 70 days after planting, respectively.  The plot configuration was same as fescue 
test, with plots 1-3 and 7-9 receiving supplemental water and plots 4-6 only receiving 
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rainfall. After the bermudagrass 2019 (YR-1 Bermuda) experiment concluded, all plots 
were excavated to a depth of 15.24 cm (6 in). Newly harvested, poor Ultisols (subsoil) 
were brought in from the same local source as for the 2019 experiments. This soil was 
applied to all plots at a 15.24 cm (6 in), to serve as the representative construction site 
soil for the 2020 experiments.  
YR-2: 
The plot setup for the second year consisted of the following: left column was 
non-amended subsoil (plots 1-3), receiving supplemental water (UAMD-SW). The 
middle column (plots 4-6) and right column (plots 7-9) was subsoil amended with a 
commercially available biological growth stimulant (BGS) (see Figure 3.5). Plots 7-9 
received no supplemental water (BGS, AMND-NSW). while plots 1-6 received enough 
supplemental water to ensure the approximately 25.4 mm (1 in) per week (combination of 
rainfall and supplemental water (BGS, AMD-SW). 
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Figure 3.7. Year Two Plot Setup 
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The year two fescue test were planted on March 9, 2020 and grew for 53 days 
until May 1, 2020 (YR2-Fescue). Experiments in Year 2 used standard SCDOT planting 
procedures with supplemental water, BGS with supplemental water, and BGS with no 
water supplemental water. BGS is advertised to aid in the establishment of vegetation by 
raising the nutrient, organic matter, and soil biological activity. It was applied at the 
recommended rate of 1,700 kg/ha (3,750 lbs/ac).  The commercial BGS product (17.01 
kg, 37.5 lbs) was mixed at a rate of 0.09 kg/L (0.75 lb/gal) ratio with water to create a 
slurry. Seed and fertilizer were added to the slurry and mixed. This slurry mix was 
sprayed onto the plots using a 309 L (80 gal) hydroseeder at a rate of 1,700 kg/ha (3,750 
lbs/ac). This process was done for plots 4-6 (supplemental watered) and 7-9 (non-
supplemental watered). Plots 1-3 were prepared, seeded, and fertilized to SCDOT 
specifications and received supplemental water throughout the study. 
Table 3.2. Year two application rates. 
Material 
Application 
Rate (lbs/ac) 
Plot Size (ft2) 
Applied 
Amount per 
Plot (lbs/ac) 
Total Amount 
Applied (lbs) 
Seed (KY #31) 75 144 0.25 2.25 
Seed 
(Bermuda) 
50 144 0.17 1.50 
Fertilizer (16-4-
8) 
750* 144 2.48 22.32 
Straw (Wheat) 2,000 144 6.60 59.40 
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BGS 3,750 144 12.38 74.28 
*Application rate based on SCDOT specification (120 lbs N/ac). 
Each week the rainfall was monitored using the dairy’s weather station and a rain 
gauge located adjacent to the research plots. The subsoil plots (1-3) and BGS amended 
plots (4-6) received supplemental water to test its effects on vegetation growth. These 
plots received approximately 25.4 mm (1 in) of water per week from rainfall or 
supplemental watering. The BGS plots (7-9) receiving no supplemental water and only 
received natural rainfall during the growing period. 
Following the vegetative growth period, the fescue was killed using glyphosate at 
a rate of 2.45 kg AI/ha (5.4 lbs AI/ac). Tillage was then performed, and the remaining 
vegetation excavated by hand. Seedbeds of the plots were then prepared following the 
same techniques described previously with the next grass type/soil amendment. 
Common bermudagrass was planted on May 7, 2020 and grew until July 2, 2020 
(YR2-Bermuda). The ARC I final percent coverage analysis was taken on July 2, 2020 
and on July 6, 2020 for the ARC III test, 56 and 60 days after planting, respectively. The 
plot configuration was the same as fescue test with plots 1-3 and 4-6 receiving 
supplemental water and plots 7-9 only receiving rainfall. The Year 2 Bermuda 
experiment followed the same planting procedures and methods as the Year 2 Fescue. 
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Observations and Measurements 
Vegetation Coverage Analysis: 
 After approximately 3-4 weeks after planting, percent coverage was measured on 
each Friday and before each rainfall simulation. Percent coverage was measured using 
the Canopeo App (Oklahoma State University). The app analyzes the colors in an image 
taken from approximately 0.61 m (2 ft) above the canopy (Patrignani & Ochsner, 2015) 
(Figure 3.9). All green color spectrum pixels to white and all other colored pixels to 
black. It then calculates the ratio of white pixels to black pixels in the image to determine 
percent coverage (Figures 3.10). Each week, measurements from three random locations 
in each plot were averaged. Careful consideration was made during weekly image capture 
to ensure no shadows or non-vegetative material was included. Note that percent 
coverage was determined for all vegetation in the plots. As such, results include both the 
planted grass species and any other plants present.  
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Figure 3.8. Canopeo App Procedure.  
Extend 
arm away 
from body 
Keep phone at least 0.61m 
(2ft) above vegetation 
Keep phone 
parallel to the 
ground 
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Figure 3.9. Canopeo Pixel Image Conversion. 
 
Rainfall Simulation and Sampling Procedures 
Antecedent runoff condition (ARC) has replaced the term antecedent moisture 
condition (AMC) (NRCS, 1986). ARCs aid in determining runoff coefficients for various 
types of soil/cover conditions. The concepts of ARC are the same as the previous AMC 
but were changed to denote more importance on runoff as opposed to soil moisture 
(Ponce and Hawkins, 1996). The first runoff test was simulated on the soils representing 
antecedent runoff condition one (ARC I) (dry conditions) and the second runoff 
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simulation represented antecedent runoff condition three (ARC III) (saturated 
conditions). Each vegetation experiment received both rainfall simulations, except for the 
Fescue 2020 experiment which experienced significant storm damage during the 
experiment. ARC I was created by managing soil moisture to correspond with the ARC I 
values in Table 3.3 and by applying 2.54 mm (0.1 in) of water to each plot 15 minutes 
before the runoff simulation began. The ARC III condition was created by managing the 
soil moisture to correspond with ARC III values in Table 3.3 and by applying 25.4 mm (1 
in) to the plots approximately fifteen hours prior to testing. The range to simulate the 
different runoff conditions can be found in Table 3.3. Also, prior to each storm 
simulation an average volumetric water content (%) was determined for each plot (see 
Table 3.4). Using a HydroSense II soil moisture probe (Campbell Scientific, Logan, U. 
T.), three readings were taken per pot and the average determined. 
Table 3.3. Antecedent Rainfall for Antecedent Runoff Conditions (McCune, 1982). 
Total 5-day Antecedent Rainfall (inches) 
AMC Dormant Season Growing Season 
I < 0.5 < 1.4 
II 0.5-1.1 1.4-2.1 
III > 1.1 >2.1 
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Table 3.4. Volumetric Water Content for each Storm Simulation. 
Average Volumetric Water Content (%) 
Plot 
Fescue 2019 Bermudagrass 2019 Bermudagrass 2020 
ARC I ARC III ARC I ARC III ARC I ARC III 
1 6.80 17.23 5.13 22.27 17.03  22.7 
2 7.20 19.67 11.53 21.60 11.1  11.8 
3 8.03 20.50 7.53 17.23 10.3  18.3 
4 1.80 14.00 1.33 11.57 1.47  17.4 
5 2.70 8.53 1.70 9.83 12.47 21.3  
6 1.40 6.10 1.13 10.33 13.2  15.2 
7 5.13 12.07 4.47 12.67 12.73  14.1 
8 9.07 11.43 24.37 16.53 7.87  17.2 
9 4.43 14.23 5.10 7.80 13.8  11.2 
 
Two simulations were conducted at the end of the 6-10 week growing period for 
all experiments, except the 2020 fescue experiment. Simulations were unable to be 
conducted for the 2020 fescue experiment, due to unfixable storm damage to the plots. 
The rainfall simulations were designed to analyze runoff from a 25-year, 30-minute storm 
event for Clemson, South Carolina. These storms produce a range of intensities from 
93.47-113.79 mm/hr (3.68-4.48 in/hr), with an average intensity of 103.63 mm/hr (4.08 
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in/hr) (Bonnin et al., 2019). For both ARC I and ARC III conditions, a storm event was 
simulated by running 101.6 mm/hr (4 in/hr) for thirty minutes. During these simulations, 
grab samples were taken for analysis and flowrate was estimated from the drains installed 
within each of the nine plots.   
Water Quality/Quantity Collection from Runoff: 
Runoff was collected from each plot using the installed drain system. Runoff 
quantity was measured in effort to estimate flow rate. Runoff was measured at its initial 
start and every five minutes during the thirty-minute simulation. Flow rate was estimated 
using a 3.8 L (1 gal) bucket and stopwatch. The time it took to fill the bucket with the 
runoff being discharged from the drainage pipe was recorded.  
A grab sampling technique was used to collect runoff for turbidity and TSS 
analysis (Simpson, 2013). Using a new 125 mL plastic bottle for each sample, a sample 
of runoff was collected from the discharge pipe of every plot, every five minutes during 
the simulation. If runoff had not begun at the time of the first five minutes, a grab sample 
was taken when runoff began, and the corresponding time recorded. A 125 mL water 
sample was also collected from a sprinkler on each plot representing a control for TSS 
and turbidity. The control values were deducted from the collected runoff samples to give 
a more accurate reading of the eroded soil caused by the storm event. This procedural 
step accounted for any TSS or turbidity that would have coming from the pond. At the 
end of each experiment’s analysis of the runoff samples, each of the 125 mL collection 
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bottles were cleaned thoroughly. Cleaning included a scrubbing with soap and water, 
followed by a triple rinse of the remaining suds, and air drying on the laboratory counter. 
 
Figure 3.10. Runoff Grab Samples. 
Turbidity and TSS Analysis 
Turbidity:  
Turbidity was quantified using a Hach 2100 AN Turbidimeter (Loveland, C.O.). 
EPA Method 180.1 was used to determine the turbidity of each sample (O’Dell, 1996). 
Before vials were reused to analyze the next set of samples, they were thoroughly rinsed 
with deionized water and dried. This process was conducted for all samples collected 
from each runoff simulation.  
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Figure 3.11. Turbidity Vial Analysis. 
 
Total Suspended Solids (TSS): 
 Total Suspends Solids (TSS) was using a Mettler AE 240 balance scale (Figure 
3.13), drying ovens, and 44 mL weigh tins. Standard Method for Examining Water and 
Wastewater 2450 B was used to determine the TSS of each sample (AHPA, 2005). 
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Figure 3.12. Mettler AE 240 Balance Scale. 
 
 
Figurer 3.13. “Wet” Weight Samples. 
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Figure 3.14. “Dry” Weight Samples. 
 
Soil Textural Analysis 
 Soil texture was determined from soil collected from each plot in the Agricultural 
Sciences soil laboratory using the Bouyoucos hydrometer method (Bouyoucos, 1962). 
The following equations were used to calculate the percentage of sand, silt, and clay 
(Bouyoucos, 1962). 
 
  % 𝑺𝒂𝒏𝒅 =  
(𝑺𝒐𝒊𝒍 𝒎𝒂𝒔𝒔 )−(𝑹𝟏−𝑪𝒐𝒏𝒕𝒓𝒐𝒍 𝑹𝟏)
(𝑺𝒐𝒊𝒍 𝒎𝒂𝒔𝒔)
∗ 𝟏𝟎𝟎    3.3 
 
 % 𝑪𝒍𝒂𝒚 =
(𝑹𝟐−𝑪𝒐𝒏𝒕𝒓𝒐𝒍 𝑹𝟐)
(𝑺𝒐𝒊𝒍 𝒎𝒂𝒔𝒔)
∗ 𝟏𝟎𝟎      3.4 
 
 % 𝑺𝒊𝒍𝒕 = 𝟏𝟎𝟎 − (% 𝑺𝒂𝒏𝒅 + % 𝑪𝒍𝒂𝒚)     3.5 
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The percentages were then plotted on the NRCS Soil Textural Triangle to determine the 
textural classification of the soil sample (Figure 3.4). This process was then repeated for 
the remaining soil samples for each plot. See Tables B-1 and B-2 in Appendix B for the 
2019 and 2020 soil textural results. 
 
Figure 3.15. Soil Textural Triangle (NRCS, 2020). 
 
Soil Nutrient and Percent Organic Matter Analysis 
A soil sample of each plot was taken before planting and after rainfall simulation 
tests to determine pH, soil nutrients, and percent organic matter (OM). These soil samples 
were sent to the Clemson University Agriculture Service Laboratory to perform these 
analysis’. Tables B3-B5, in Appendix B show the starting pH, nutrients, and percent OM 
for each experiment. 
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Universal Soil Loss Equation (USLE) Calculations 
 To quantify the erosion rates from the storm simulations, the TSS (mg/L) were 
converted to kg/ha using their associated collected flow rates from the simulations. For 
comparison, a theoretical erosion rate was calculated for each plot for the simulated storm 
event. The theoretical rates were calculated using the Universal Soil Loss Equation 
(USLE) (ARS, 1965). Table 3.4 shows the values used for the theorical calculations for 
each plot.  
Table 3.5. USLE Variables. 
Variable Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Plot 9 
R 102.66 102.66 102.66 102.66 102.66 102.66 102.66 102.66 102.66 
K 
(2019) 
0.10 0.10 0.24 0.10 0.14 0.10 0.14 0.14 0.14 
K 
(2020) 
0.10 0.10 0.10 0.10 0.10 0.10 0.14 0.14 0.10 
LS 0.405 0.405 0.405 0.405 0.405 0.405 0.405 0.405 0.405 
C 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
P 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
A (tons/ac) 
2019 
0.21 0.21 0.50 0.21 0.29 0.21 0.29 0.29 0.29 
A (tons/ac) 
2020 
0.21 0.21 0.21 0.21 0.21 0.21 0.29 0.29 0.21 
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 The rainfall erosivity factor (R) was calculated for each specific storm simulation 
and was found to be 102.66 using the rainfall erosivity equation for a single storm (Rst) 
(Haan et al., 1994). Soil-erodibility factor (K) was determined as 0.10 for a loamy sand, 
0.14 for a sand, and 0.24 for a sandy loam. The topographical factor (LS) was calculated 
as 0.405 (Schwab et al., 1996). Cropping factor was determined using the c-value for 
seedlings grown from a prepared seedbed, after 60 days (0.05), and the conservation 
practice factor used was 1.0.  
Statistical Analysis 
The percent coverage data was analyzed for a difference in variance using a JMP 
Pro 14.1.0 software (SAS Institute, 2018) and conducted at a significance level of 0.05. 
The percent coverage data was then analyzed using a Least Squares Regression (LSR) 
model to determine the effects of soil amendment, supplemental water, with the blocking 
set as the random effect for the 2019 and 2020 analysis. Blocking was set as a random 
effect in the model for both years, due to having an unbalanced treatments replication 
across the blocks of the experimental design. For the analysis of 2019 data, plot 6 (Bare 
soil, N-SW) was omitted from the model due to lack of comparisons. The main effects 
for the 2019 experiments in the model were soil amendment treatment and supplemental 
water treatment, as well as the any interaction effects between the two treatments. If any 
interaction effects were found, a Tukeys Honestly Significant Differences (HSD) test was 
conducted to analyze multiple comparisons in the interaction effect. The main effects for 
the 2020 experiments were the Biological Growth Stimulant (BGS) treatment and 
supplemental water treatment. Due to an altered experimental design in 2020, interaction 
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effects were unable to be analyzed. Residuals from each of the regressions were plotted 
and examined for normality, which all being found to be normally distributed. P-values 
for the effect in the models and the coefficient of determination (R2) were reported. The 
regression was conducted using an alpha level of 0.05. With the underlying poor soil 
being harvested and brought in from the same location, analysis of the nutrients, organic 
matter, and pH were not conducted; and assumed to be the same for all plots. 
The turbidity and TSS data were fit using Least Square Regression model and an 
analysis of variance (ANOVA) F-test to determine any significant differences in turbidity 
and TSS based on final percent vegetative coverage. Statistical variance measurement 
techniques are used to analyze the variability within a dataset around the mean (Ott & 
Longnecker, 2010). The readings taken from year one “Bare” soil plot (plot 6) were 
omitted from the regression due to it being unrepresentative in the study. P-values for the 
effects in the models were reported. The regression was conducted using an alpha level of 
0.05. 
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CHAPTER FOUR 
 
RESULTS AND DISCUSSION 
 
 This chapter details the outcome of the two-year study investigating the 
establishment of vegetation on poor Ultisols of South Carolina. During the two-year 
study, the experiments experienced a variety of rainfall events. Table 4.1 summarizes the 
total rainfall and supplemental water for each experiment. All plots received a total of 
57.2 mm of rainfall over the 2019 study with the irrigated plots receiving an additional 
116.84 mm of water, which was moderately less than the five-year average for these 
months. 
Table 4.1. 2019 and 2020 Water Budgets. 
Dates 
Rainfall 
(mm) 
Supplemental 
Water (mm) 
SW 
Plots Total 
(mm) 
NSW 
Plots Total 
(mm) 
 
2014-2018 
Avg 
Rainfall 
(mm) 
Fescue 2019 
4/18-5/30 
57.15 116.84 173.99 57.15 
 
274.22 
(April-
May) 
Bermudagrass 
2019 
7/2-9/5 
161.29 147.83 309.12 161.29 
 
220.68 
(July-
August) 
Fescue 2020 
3/9-5/1 
284.99 52.32 337.31 284.99 
 
222.15 
(March-
April) 
Bermudagrass 
2020 
5/6-7/3 
279.15 80.01 359.16 279.15 
 
224.13 
(May-
June) 
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A five-year average (2014-2018) for Clemson was determined and found to be 
1,358 mm (53.46 in) (CPPP, 2019). In 2019, rainfall during the experimental period was 
lower than the five-year average and in 2020 rainfall was slightly higher than the five-
year average.  
Vegetation Coverage Analysis 
 The results of the Least Squares Regression (LSR) for the percent coverage 
analysis is presented in Tables 4.2 (2019) and 4.3 (2020). The significant results will be 
discussed by year and subsequent vegetation.  
Table 4.2. ANOVA Table for Percent Vegetation Cover at Time of ARC Tests 
Conducted in 2019 for (a-b) KY-#31 Fescue and (c-d) Bermudagrass.  
Source DF DF Den. F Ratio Prob> F 
(a) KY-#31 Fescue- ARC I      
Soil 1 4 64.58 0.0013 
SW 1 4 0.04 0.8569 
Soil*SW 1 4 55.63 0.0017 
(b) KY-#31 Fescue- ARC III     
Soil 1 4 18.10 0.0131 
SW 1 4 0.33 0.5955 
Soil*SW 1 4 6.95 0.0578 
(c) Bermudagrass- ARC I      
Soil 1 4 41.46 0.003 
SW 1 4 39.67 0.0032 
Soil*SW 1 4 29.07 0.0057 
(d) Bermudagrass- ARC III     
Soil 1 4 43.47 0.0027 
SW 1 4 1.84 0.2468 
Soil*SW 1 4 10.53 0.0315 
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Table 4.3. ANOVA Table for Percent Vegetation Cover at Time of ARC Tests 
Conducted in 2020 for (a) KY-#31 Fescue and (b-c) Bermudagrass.  
Source DF DF Den. F Ratio Prob> F 
(a) KY-#31 Fescue     
Soil 1 6 0.13 0.7357 
SW 1 6 4.17 0.0873 
(b) Bermudagrass- ARC I      
Soil 1 6 1.15 0.3248 
SW 1 6 18.65 0.005 
(c) Bermudagrass- ARC 
III 
    
Soil 1 6 4.50 0.0783 
SW 1 6 27.82 0.0019 
 
Y1-Fescue 
At the time of the ARC I simulation, all treatments had less than the 70% 
coverage requirement; UAMD-SW (18.4%), NSW (44.6%), and AMD-SW (69.3%). 
Although only five days later, average percent coverage for AMD-SW was 77%, with 
UAMD-SW and all NSW having less than 70%, during the ARC III simulation. 
 Percent vegetative cover was influenced by Soil*SW at time of ARC I 
simulation, and by Soil at the time of ARC III simulation (Table 4.2 and Figure 4.1). 
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Figure 4.1. Mean Percent Vegetative Cover and Standard Error at Time of the 2019 
KY#31 Fescue ARC I Simulation. NSW= no-supplemental water, SW= supplemental 
water, UAMD= unamended soil, and AMD= topsoil amended. *Bars with the same letter 
are statistically similar as determined by Tukey’s HSD at an α=0.05. 
 
NSW had similar percent cover regardless of soil and had significantly less cover 
than the AMD-SW, and significantly more cover than the UAMD-SW (Figure 4.1). Only 
soil treatment influenced percent cover at time of the ARC III simulation (Table 4.3), in 
which AMD had significantly greater percent cover than UAMD (77.3% and 20.3% for 
AMD and UAMD respectively). It should be noted that plots contained varying amounts 
of weeds intermingled with Kentucky #31 Fescue. 
A 
C 
B 
B 
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YR-1 Bermudagrass: 
AMD-SW treatment for bermudagrass had greater than the 70% coverage 
SCDHEC requirement for each simulation (80.6 % and 86.3% at time of the ARC I and 
ARC III simulations, respectively) (see Figure 4.2). At the time of the ARC I and ARC 
III simulations, the Soil*SW influenced the percent cover (Figure 4.3 and 4.4).  
 
Figure 4.2. Average Weekly Percent Coverage Bermudagrass 2019. 
Week 4 Week 5 Week 6 Week 7 Week 8 Week 9
Week 10
(ARC I)
Week 10
(ARC III)
UAMD-SW AVG 4.76 12.04 11.70 14.20 17.67 22.61 30.20 23.79
NSW AVG 1.00 4.36 7.63 10.47 15.34 22.76 30.64 44.96
AMD-SW AVG 18.86 43.54 55.93 63.26 75.05 79.03 80.56 86.27
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Figure 4.3. Mean Percent Vegetative Cover and Standard Error at Time of the 2019 
Bermudagrass ARC I Simulation. NSW= no-supplemental water, SW= supplemental 
water, UAMD= unamended soil, and AMD= topsoil amended. *Bars with the same letter 
are statistically similar as determined by Tukey’s HSD at an α=0.05. 
 
B 
A 
B B 
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Figure 4.4. Mean Percent Vegetative Cover and Standard Error at Time of the 2019 
Bermudagrass ARC III Simulation. NSW= no-supplemental water, SW= supplemental 
water, UAMD= unamended soil, and AMD= topsoil amended. *Bars with the same letter 
are statistically similar as determined by Tukey’s HSD at an α=0.05. 
 
At the time of the ARC I simulation, AMD-SW had the highest percent cover, 
being over twice as much as all other treatments, which were statistically similar (Figure 
4.3). Like fescue plot, bermudagrass plots contained varying amounts of weeds. AMD-
SW also had the highest percent cover at the time of the ARC III simulation, which was 
similar to the AMD-NSW Figure 4.4). Regardless of watering regiment, the UAMD 
treatments had the lowest percent cover at time of the ARC III simulation (Figure 4.4). 
A 
A,B 
B 
B 
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YR-2 Fescue: 
Percent cover increased with time in all treatments with the final percent coverage 
analysis of the 2020 Fescue experiment, the UAMD-SW and BGS, AMD-SW surpassed 
the SCDHEC requirement (71.8% and 76.9%, respectively) (Figure 4.5). The BGS, 
AMD-NSW treatment failed to meet the requirement (47.9%). Amending with BGS and 
applying SW did not influence the end of experiment percent vegetative cover (Table 
4.3).  
 
Figure 4.5. Average Weekly Percent Coverage Fescue 2020. 
YR-2 Bermudagrass: 
 Percent vegetative coverage was also determined each week throughout the study 
(Figure 4.6). By week 8 after planting the mean percent cover from BGS, AMD-NSW 
Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
UAMD-SW AVG 2.88 7.14 19.54 28.54 53.00 71.84
BGS,AMD-SW AVG 5.68 8.01 24.05 36.44 60.18 76.86
BGS,AMD-NSW AVG 0.50 3.00 2.03 8.30 31.03 47.87
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surpassed the 70% SCDHEC requirement, with no other treatment combinations 
achieved the requirement (Figure 4.6). 
 
Figure 4.6. Average Weekly Percent Coverage Bermudagrass 2020. 
 
At the time of ARC I and ARC III simulations, only supplemental watering 
influenced percent cover (Table 4.3), with NSW having greater percent cover than SW 
(Figure 4.7 and 4.8). Applying the BGS, AMD did not influence percent cover, with 
values ranging from 47.3-84.9% and to 56.6% for BGS, AMD and UAMD respectively 
at time of ARC I simulation, and from 54.8-90.5% and to 69.1% for BGS, AMD and 
UAMD respectively at time of ARC III simulation.  
Week 5 Week 6 Week 7 Week 8
Week 9
(ARC I)
Week 9
(ARC III)
UAMD-SW AVG 14.08 25.42 47.63 52.65 56.64 69.11
BGS,AMD-SW AVG 4.71 13.12 34.37 43.98 47.29 54.76
BGS,AMD-NSW AVG 4.93 12.00 47.09 72.59 84.93 90.47
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Figure 4.7. Mean Percent Vegetative Cover and Standard Error at Time of the 2020 
Bermudagrass ARC I Simulation. NSW= no-supplemental water, SW= supplemental 
water. 
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 Figure 4.8. Mean Percent Vegetative Cover and Standard Error at Time of the 2020 
Bermudagrass ARC III Simulation. NSW= no-supplemental water, SW= supplemental 
water. 
 
Vegetation Discussion 
YR-1 Fescue: 
The statistical analysis revealed a significant difference on the effect supplement 
water for percent vegetation coverage. The Tukey’s HSD test showed that supplemental 
water with the AMD treatment created a significantly higher percent vegetative coverage. 
Supplemental water was also found to create a significant difference with the UAMD 
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treatment. It was found to an adverse effect on vegetation coverage. This is mostly likely 
due to a result of two separate issues. First, the water used for supplemental water was 
possibly pure water, which is water that contains low amounts of minerals (Park et al., 
2014). Pure water issues can be found in water sources in the Piedmont region of South 
Carolina (Park et al., 2014). Effects of pure water can be rather detrimental to soils, 
causing them to disperse, compact, and eventually limit air and water movement; 
inhibiting root expansion (Park et al., 2014). These issues coupled with the underlying 
kaolinitic clays commonly found in the Piedmont region, can result in a crusting effect 
which increase compaction and reduces water percolation. It is believed these soil and 
water issues are the cause of the findings from the UAMD-SW treatment in this 
experiment. 
Additionally, the soil treatment was found to be statistically significant for the 
ARC III condition. Indicating amending the poor Ultisols with topsoil, will significantly 
result in greater percent vegetative coverage. The present study findings are parallel to 
findings documented by others. For example, Pichtel et al. (1994) documented that 
incorporating topsoil into mining spoils resulted in one of the highest percent coverages 
of Tall Fescue (93%), when compared to the other biosolid treatments and unamended 
spoils. Schiavon et al. (2013) documented that supplemental water resulted in higher Tall 
Fescue vegetative ground coverage in comparison to none applied (90%).  
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YR-1 Bermudagrass: 
Both 2019 bermudagrass simulation experiments are similar to 2019 ARC I 
fescue experiment, with AMD-SW treatment producing the highest percent coverages. 
For both ARC I and III simulations, the AMD-SW treatment was found to provide a 
significant difference in percent coverage when compared to all UAMD treatments. 
Indicating amending the poor Ultisols with topsoil and providing supplemental water, 
will significantly result in greater percent vegetative coverage when growing Common 
Bermudagrass (Cynodon dactylon). Additionally, for the ARC I simulation the AMD-SW 
treatment was significantly different than the AMD-NSW treatment. The ARC I findings 
parallel a 2012 study by Schiavon et al. on Bermudagrass and Seashore Paspalum. It 
concluded that using supplemental water from sprinklers results in higher ground 
coverage (93%) (Schiavon et al., 2012). However, for the ARC III simulation the AMD-
SW treatment was determined not to be significantly different than the AMD-NSW 
treatment. Indicating the use of supplemental water on bermudagrass to be inconclusive 
for the overall experiment. However, it should be noted the AMD-NSW treatment 
percent coverage increased 14.32% from the time of the ARC I simulation to the ARC III 
simulation. It is believed 53.34 mm (2.1”) the treatment received for the ARC I 
simulation, may have contributed to the vegetation growth and effected the no significant 
difference finding between TAMD-SW and TAMD-NSW treatments for the ARC III 
simulation. 
YR-2 Fescue: 
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During the week of March 23, 2020, a large storm event occurred causing damage 
to the plots and surrounding area. Unfortunately, significant erosion occurred in all plots 
(Figures 4.8 and 4.9). It was determined that repairing plots could affect established 
vegetation that would affect results. Due to this, the plots were not repaired, and no final 
water quality runoff tests were conducted. With the primary goal of this research being 
the analysis of soil amendment treatments and supplemental water treatments on percent 
vegetative cover, it was decided that the undisturbed area of each plot would still be used 
to determine percent vegetation establishment. Therefore, percent coverage analysis of 
ARC I and III conditions could not be conducted.  
   
Figures 4.9 a and b. Erosion Damage to Plots.  
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Had the data been analyzed at an α = 0.10, a significant difference would have 
been found for the SW treatment. The lack of significant difference in the SW treatment 
for the 2020 fescue experiment is most probably due to high amounts of rainfall that 
occurred during the experiment. This experiment only had a difference of 52.32 mm in 
watering amounts, compared to both 2019 Fescue experiment which had 116.84 mm 
water difference. The Biological Growth Stimulant (BGS) product is marketed to 
increase vegetation growth in poor soils. This experiment found this not to be the case, 
with no significant differences found between the BGS, AMND and UAMD treatments. 
It is possible that the storm damage to the plots could have affected this experiment, 
resulting in the findings. However, care was taken to ensure the vegetation was analyzed 
in the areas with no or minimal erosion damage, so this is unlikely. 
YR-2 Bermudagrass: 
 The NSW treatment found to make a statistically significant difference for the 
2020 bermudagrass experiment was the treatment for both the ARC I and III simulations. 
However, for this experiment the supplemental treatment was found to have a negative 
effect on percent coverage of vegetation. Meaning the plots receiving the supplemental 
water treatment resulted in lower percent covers than those receiving non-supplemental 
water treatment. The BGS, AMND-NSW treatment was also the only treatment to reach 
the 70% coverage requirement. As previously stated, the 2020 growth period received 
higher than average rainfall with only an 80.01 mm watering difference between SW and 
NSW plots. One possible explanation of the results is the plots receiving supplemental 
water received too much water overall, resulting in adverse establishment and growth. It 
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is also possible the SW treatment plots were experiencing the effects of pure water, like 
those found the 2019 experiments. 
Water Quality (Turbidity and TSS) 
 Rainfall simulations were conducted on the vegetation grown for the 2019 fescue, 
2019 bermudagrass, and 2020 bermudagrass. Runoff was collected and analyzed for two 
water quality criteria, turbidity and TSS. After all analysis, all data was combined to 
build a Least Squares Regression (LSR) model to determine the average percent 
vegetative coverage effect of turbidity and TSS. The following is the results of each 
simulation, categorized by year and subsequent vegetation and the results of the 
regression model. 
YR-1 Fescue: 
Table 4.4 display average turbidity and TSS results for the ARC I and III tests for 
the 2019 fescue simulations, respectively.  
Table 4.4. Fescue 2019 ARC I and III Turbidity and TSS Means. 
Treatment 
ARC I ARC III 
Turbidity 
(NTU) 
TSS 
(mg/L) 
Turbidity 
(NTU) 
TSS 
(mg/L) 
UAMD-SW 34.3 20.8 32.4 23.4 
NSW 85.3 172.6 16.3 20.2 
AMD-SW 58.7 43.4 48.9 41.8 
 
These water quality results appear to be inconclusive as for some treatments it 
was found that plots with less vegetation resulted in lower average turbidity and TSS, but 
not in others. The supplemental water treatment appears to be inconclusive as well 
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because under the ARC I simulation the non-supplemental watered plots had the highest 
average turbidity and TSS readings. However, turbidity and TSS averages were the 
lowest for the non-supplemental watered plots during the ARC III simulation. It is 
believed the effect the difference vegetation would play in reducing turbidity and TSS in 
the runoff was greatly affected due to the wheat straw applied to the plots during 
planting. Wheat straw applied at various rates has been found to reduce erosion greatly 
(McGregor et al., 1990). A 1963 study by Mannering and Meyer, conclude that straw 
applied at a rate of 2,242 kg/ha produced “essentially no erosion”. By reducing this 
erosion, it subsequently will reduce turbidity and TSS in runoff. However, the application 
of wheat straw was essential to comply with SCDOT practices and to limit erosion during 
the germination and early growth stages of testing. It should also be noted the TAMD-
SW treatment had the highest percent coverage, did not experience runoff until after the 
first five-minute grab sample or even the ten-minute grab sample for Plot 9 during the 
ARC I simulation.  
YR-1 Bermudagrass: 
Tables 4.5 display the turbidity and TSS results for the ARC I and III tests for 
2019 bermudagrass rainfall simulations, respectively.  
Table 4.5. Bermudagrass 2019 ARC I and ARC III Turbidity and TSS Means. 
Treatment 
ARC I ARC III 
Turbidity 
(NTU) 
TSS 
(mg/L) 
Turbidity 
(NTU) 
TSS 
(mg/L) 
UAMD-SW 8.9 8.9 22.2 28.9 
NSW 25.1 42.5 45.1 42.0 
AMD-SW 13.0 42.0 38.0 43.6 
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 Similar to the 2019 fescue simulations, these results to appear to be inconclusive. 
Again, the data appears to indicate less vegetation results in lower turbidity and TSS. 
However, it has been well documented that generally this is not the case. Also, like the 
water quality results from the 2019 fescue tests, these results showed very low values in 
terms of polluted water from an overall perspective. An additional test was added to the 
rainfall simulations, flowrate sampling to estimate the runoff flowrate from the 
simulation. To quantify how much erosion occurred during the two simulations, runoff 
flow rate samples were collected. Using these flow rates (Tables 4.6-4.7) along with the 
TSS values in Tables C-6 and C-8, erosion rates were calculated in units of kg/ha (Table 
4.8). The Universal Soil Loss Equation (USLE) was also used to calculate theoretical soil 
loss values for the designed storm event (Table 4.9). 
Table 4.6. 2019 Bermudagrass ARC I Runoff Flow Rate (LPM). 
Time 
ARC I UAMD-SW ARC I NSW ARC I AMD-SW 
Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Plot 9 
5 N/A* 12.95 8.03 41.53 7.08 8.71 - 16.85 - 
10 19.00 20.59 19.19 38.65 12.68 15.71 4.96 33.12 9.61 
15 26.04 27.71 24.38 37.74 18.85 21.46 14.50 28.20 16.13 
20 27.10 27.63 25.40 30.59 24.23 25.44 16.16 30.36 19.46 
25 26.57 31.12 29.00 29.26 24.23 27.97 17.34 32.10 19.68 
30 30.36 32.67 29.07 30.36 32.29 29.22 20.82 22.67 33.58 
AVG 25.17 22.98 18.40 34.03 15.52 17.94 11.39 25.74 16.77 
*N/A indicates a missed sample during collection. 
-Indicates no runoff to collect. 
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Table 4.7. 2019 Bermudagrass ARC III Runoff Flow Rate (LPM). 
Time 
ARC III UAMD-SW ARC III NSW ARC III AMD-SW 
Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Plot 9 
5 26.04 22.33 21.88 - 20.10 27.71 9.16 36.64 18.81 
10 34.52 40.28 30.93 - 32.02 35.13 27.18 43.38 31.12 
15 36.64 39.78 37.78 - 30.47 35.66 30.74 44.86 28.54 
20 35.05 40.96 34.75 - 31.80 35.55 30.93 44.86 37.93 
25 37.51 36.91 37.74 - 33.69 37.44 31.80 42.62 34.03 
30 35.55 37.51 40.13 - 36.76 40.28 32.44 46.07 34.22 
AVG 33.73 34.71 32.48 - 29.68 34.83 21.96 42.81 29.22 
-Indicates disregarded data, due to system malfunction during the simulation. 
Table 4.8. 2019 Calculated Soil Loss Actual. 
Simulation 
Soil Loss (kg/ha) 
Plot 
1 
Plot 
2 
Plot 
3 
Plot 
4 
Plot 
5 
Plot 
6 
Plot 
7 
Plot 
8 
Plot 
9 
ARC I 2.24 6.73 2.24 15.69 13.45 24.66 8.97 22.42 13.45 
ARC III 35.87 6.73 11.21 - 20.18 26.90 8.97 44.83 31.38 
-Indicates disregarded data, due to a system malfunction. 
Table 4.9. 2019 Calculated Theoretical Soil Loss. 
Simulation 
Soil Loss (kg/ha) 
Plot 
1 
Plot 
2 
Plot 
3 
Plot 
4 
Plot 
5 
Plot 
6 
Plot 
7 
Plot 
8 
Plot 
9 
ARC I  
& III 
470.8 470.8 1,120.9 470.8 650.1 470.8 650.1 650.1 650.1 
 
 As you can observe, soil loss and the resulting effect on runoff water quality is 
minimal from these storm simulations. Again, it is believed that the straw applied during 
planting, coupled with the vegetation growth is the reason for this limited erosion. In fact, 
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due to the straw and vegetation, the actual soil loss was found to be less than the 
theoretical soil loss indicating groundcover does aid in holding soil in place and keeping 
water quality degradation to a minimal.  
YR-2 Bermudagrass: 
 Table 4.10 shows the treatment average of turbidity and TSS for the 2020 
bermudagrass ARC I and ARC III simulations.  
Table 4.10. 2020 Bermudagrass ARC I and ARC III Turbidity and TSS Means. 
Treatment 
ARC I ARC III 
Turbidity (NTU) TSS (mg/L) Turbidity (NTU) TSS (mg/L) 
UAMND- 
SW 
45.77 14.65 67.54 24.24 
BGS, 
AMND-SW 
138.85 99.48 151.38 80.96 
BGS, 
AMND-
NSW 
163.39 207.83 91.22 49.91 
 
 These results to appear to be inconclusive as well. The data appears to indicate 
higher vegetation coverage (BGS, AMD-NSW treatment) results in higher turbidity and 
TSS for the ARC I simulation. However, for the ARC III simulation the treatment 
producing the least percent coverage (BGS, AMD-SW) resulted in the highest turbidity 
and TSS readings. In contrary to the 2019 simulations, like the water quality results from 
the 2020 bermudagrass tests showed higher pollutant values. Indicating, erosion was 
higher in the bermudagrass 2020 simulations than the 2019 simulations. Flowrate 
sampling to estimate the runoff flowrate from the simulations was again performed. To 
quantify how much erosion occurred during the two simulations, runoff flow rate samples 
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were collected. Using these flow rates (Tables 4.11-4.12) along with the TSS values in 
Tables C-10 and C-12, erosion rates were calculated in terms of kg/ha (Table 4.13). The 
Universal Soil Loss Equation (USLE) was also used to calculate theoretical soil loss 
values for the designed storm event (Table 4.14). 
 
Table 4.11. 2020 Bermudagrass ARC I Runoff Flow Rate (LPM). 
Time 
AMND-SW BGS, AMND-SW BGS, AMND-NSW 
Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Plot 9 
5 2.87 7.57 11.36 9.08 4.73 24.42 - - - 
10 4.83 18.93 39.16 14.20 20.65 26.41 - - 7.33 
15 8.11 20.65 39.85 18.93 22.71 28.39 3.92 4.83 32.45 
20 9.87 20.65 39.85 17.47 22.71 28.75 4.54 5.05 34.94 
25 10.32 22.71 42.06 18.93 22.71 30.28 5.05 6.14 31.99 
30 10.32 24.42 42.06 18.93 23.41 29.12 5.54 6.68 38.50 
AVG 7.72 19.15 35.72 16.26 19.49 27.90 4.76 5.67 29.04 
-Indicates no runoff to collect. 
Table 4.12. 2020 Bermudagrass ARC III Runoff Flow Rate (LPM). 
Time 
UAMND-SW BGS, AMND-SW BGS, AMND-NSW 
Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Plot 9 
5 9.08 10.32 15.14 13.36 16.22 24.69 5.16 7.83 34.41 
10 10.32 20.65 45.42 18.93 28.04 32.45 6.14 12.62 42.85 
15 11.36 22.71 44.53 20.65 27.70 34.94 6.88 14.20 46.35 
20 11.95 24.16 42.06 22.71 28.75 31.99 6.88 13.36 49.37 
25 11.95 24.16 44.53 20.65 28.04 32.92 7.33 13.36 46.35 
30 11.36 22.94 44.53 20.65 30.28 31.55 7.57 13.36 48.32 
AVG 11.00 20.83 39.37 19.49 26.51 31.42 6.66 12.45 44.61 
 
Table 4.13. 2020 Calculated Soil Loss Actual (kg/ha). 
Simulation 
Soil Loss (kg/ha) 
Plot 
1 
Plot 
2 
Plot 
3 
Plot 
4 
Plot 
5 
Plot 
6 
Plot 
7 
Plot 
8 
Plot 
9 
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ARC I 2.21 6.05 2.35 32.86 34.04 30.48 3.26 1.12 53.81 
ARC III 6.01 8.73 14.74 39.71 38.55 44.58 9.77 8.49 37.46 
 
Table 4.14. 2020 Calculated Theoretical Soil Loss (kg/ha). 
Simulation 
Soil Loss (kg/ha) 
Plot 
1 
Plot 
2 
Plot 
3 
Plot 
4 
Plot 
5 
Plot 
6 
Plot 
7 
Plot 
8 
Plot 
9 
ARC I  
& III 
470.8 470.8 470.8 470.8 470.8 470.8 650.1 470.8 470.8 
 
Like the 2019 bermudagrass, soil loss was minimal from these storm simulations 
and much less than the theoretically calculated value. However, the soil loss was slightly 
higher than those found in the 2019 bermudagrass experiment. The straw applied during 
planting with the vegetation growth is believed to be the reason for this limited erosion. 
Vegetation Cover Effect on Turbidity and TSS: 
 Using a regression, percent coverage effect on runoff quality was analyzed for 
significance. Table 4.15 displayed the results of the two regressions. 
Table 4.15. ANOVA Table for Runoff Water Quality Analysis. 
TSS and Turbidity ANOVA's 
Total Suspended Solids 
Source DF Sum of Squares Mean Square 
F 
Ratio 
Prob > 
F 
Model 1 51056.6 51056.6 2.6404 0.1053 
Error 287 5549658.3 19336.8     
C. 
Total 
288 5600714.9   
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Turbidity 
Source DF Sum of Squares Mean Square 
F 
Ratio 
Prob > 
F 
Model 1 58257.3 58257.3 7.2928 0.0073 
Error 287 2292652.3 7988.3     
C. 
Total 
288 2350909.6     
  
 
 The TSS regression yielded no significant effect of average percent vegetative 
coverage on the TSS concentration. This finding is atypical of other studies, with the 
majority finding higher percent vegetative coverage reduces TSS in stormwater runoff 
(Barrett et al., 1998; Han et al., 2005; Gharabaghi et al., 2001). Again, it is believed due 
to the quantity of straw applied at planting, most erosion was minimized possibly 
effecting the results. 
 The turbidity regression resulted in a significant difference being found for 
average percent coverage effect on turbidity (Figure 4.10). However, the relationship was 
found to be negative, meaning lower percent coverage yielded statistically significant 
lower turbidity readings.  
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Figure 4.10. Average Percent Cover and Turbidity Regression. 
 This finding contradicts common understanding on the relationship between 
vegetative cover and turbidity from stormwater runoff (Alaska Department of 
Environmental Conservation, 2015). Following this finding, additional analyses were 
conducted on the results of the individual storm simulations, with those findings varying. 
Some of the models were found to have a negative relationship, some had a positive 
relationship, but most were found to have no significant difference. These findings lend 
to thought that the relationship varied between vegetation treatments, causing 
inconsistencies in the model. It should also be noted the average turbidity reading in the 
model was 61.19 NTU. This reading is very low for common construction stormwater 
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runoff and is well under the former EPA limit of 280 NTU (Walters, 2015). Meaning, 
even though a statistically significant difference was found, in a practical sense the 
turbidity readings found from the storm simulations are acceptable for stormwater runoff 
from construction sites. 
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CHAPTER FIVE 
 
CONCLUSIONS 
 
The primary goals of this study were to investigate the effects of topsoil incorporation 
and hydraulically applied commercial soil amendments; coupled the effects of 
supplemental watering on establishing vegetation on disturbed poor soils like those found 
on South Carolina construction sites. Many construction contractors in South Carolina 
have found it difficult to attain the 70% uniform coverage of perennial vegetation on 
disturbed soil of a construction site, required by SCDHEC and SCDOT. This can lead to 
increased cost incurred by the state and pollution to the surface water systems of South 
Carolina.  
Additionally, the effect vegetation has on runoff water quality (turbidity and TSS) 
was also analyzed using erosion plots and a rainfall simulator. The two-year study 
allowed for the primary goals of the project to be attained and the following conclusions 
made: 
1. Incorporating 76.4 mm (3 inches) of topsoil into poor soils, coupled with 
supplemental water (at least 25.4 mm (1 inch) of water per week) made a 
significant effect on the percent coverage of both Kentucky #31 Fescue (Festuca 
arundinacea) and Common Bermudagrass (Cynodon dactylon). 
2. The use of a commercially available Biological Growth Stimulant (BGS) applied 
at a rate of 42.03 kg/ha (37.5 lbs/ac) on poor soils, made no statistical effect on 
increasing the percent coverage of Kentucky #31 Fescue (Festuca arundinacea) 
or Common Bermudagrass (Cynodon dactylon). However, the BGS, AMND soil 
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treatment resulted in the highest average percent coverage (76.86%) for Kentucky 
#31 Fescue (Festuca arundinacea) when receiving supplemental water and for 
Common Bermudagrass (Cynodon dactylon) (90.47%) when receiving no 
supplemental water. 
3. Supplemental water (at least 25.4 mm (1 inch) of water per week) was found to 
have no significant effect on Kentucky # 31 Fescue (Festuca arundinacea), 
during periods of high rainfall. 
4.  The addition of supplemental water was found to have a significant effect on 
decreasing percent coverage of Common Bermudagrass (Cynodon dactylon), 
during periods of high rainfall. 
5. Percent vegetative coverage was found to have no significant effect on Total 
Suspended Solids (TSS) from runoff collected during the simulated storm events. 
6. Percent vegetative coverage was found to have a negative relationship with 
turbidity from associated runoff. However, the average turbidity of runoff from 
across all coverage ranges was 61.16 NTU. This sediment pollution is very low 
for stormwater runoff from construction sites and well under the former limit. 
Indicating that even though a statistical difference was determined, in a practical 
sense no difference was found. 
Due to straw applications and plot erosion from large storm events, all water quality 
readings were found to have very small amounts of sediment pollution. Indicating the 
vegetation that was established and the straw applied at planting was effective at 
controlling erosion during the rainfall simulations. Also, only runoff samples were taken 
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from the simulated storm events and not all the natural storms that occurred at the 
research site during all experiments. It is possible that the natural storms produced 
erosion during the growing period before the storm simulations which could have 
affected the water quality findings. Further research with a method to remove the straw 
factor and control for natural storm events should be conducted to be able to specifically 
indicate the effects vegetation coverage plays on runoff water quality using the 
Agricultural Sciences Erosion Testing Facility.  
Establishing grasses from seed is difficult, even under optimal conditions. It is 
believed there is a common misconception that grasses can be established from seed in a 
matter of only a few weeks to meet the threshold. This research showed that for 
construction site soil conditions, it takes more than a few weeks to reach this requirement.  
Most of the experiments did not reach the 70% threshold until the eighth week of growth. 
Knowing this, contractors should take this into account when planning and scheduling 
projects. Future research should be conducted on methods to reduce the timeframe 
required to reach the 70% uniform coverage threshold. 
Even with the conclusions found during this study, there is much more research 
needed on establishing vegetation on construction sites. Hopefully, the Agricultural 
Sciences Erosion Testing Facility can be used to lead the way on this research for South 
Carolina. Future research using different vegetation, soil amendments, supplemental 
water rates, and other factors could be conducted at this facility and provide great insight 
into this topic. One limitation of this research was that it was conducted primarily on soil 
types common for Upstate South Carolina. Additional tests could also be performed on 
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soils commonly found in the lower regions of the state to aid contractors there facing 
similar challenges. 
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Appendix A 
Pump Station and Rainfall Simulator 
 
Figure A-1: Pump Intake. 
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Figure A-2: Rainfall Simulator Pump. 
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Figure A-3: Pump Discharge. 
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Figure A-4: Variable Frequency Drive. 
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Figure A-5: Rainfall Simulator Control Panel. 
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Figure A-6: Rainfall Simulator and Plot Layout. 
  
 86 
Appendix B 
Soil Textural and Nutrient Tables 
Table B-1: 2019 Plot Soil Texture. 
% 
Plots 
1 2 3 4 5 6 7 8 9 
% 
Sand 
82% 81% 79% 83% 87% 86% 90% 91% 88% 
% Clay 9% 8% 9% 6% 3% 3% 2% 1% 3% 
% Silt 9% 11% 12% 11% 10% 11% 8% 8% 9% 
Class 
Loamy 
Sand 
Loamy 
Sand 
Sandy 
Loam 
Loamy 
Sand 
Sand 
Loamy 
Sand 
Sand Sand Sand 
 
Table B-2: 2020 Plot Soil Texture. 
% 
Plots 
1 2 3 4 5 6 7 8 9 
% 
Sand 
84% 84% 83% 84% 85% 84% 87% 86% 82% 
% 
Clay 
6% 7% 7% 6% 6% 4% 3% 6% 8% 
% 
Silt 
10% 9% 10% 10% 9% 12% 10% 8% 10% 
Class 
Loamy 
Sand 
Loamy 
Sand 
Loamy 
Sand 
Loamy 
Sand 
Loamy 
Sand 
Loamy 
Sand 
Sand 
Loamy 
Sand 
Loamy 
Sand 
 
Soil Nutrient Tables 
Table B-3: 2019 Fescue Soil Nutrients. 
Description 
Soil 
pH 
Buffer 
pH 
P K Ca Mg Zn Mn Cu B Na 
OM 
(%) 
UAMND 
SW 
6.1 7.8 5.0 178.0 735.0 81.0 1.6 34.0 0.9 0.3 15.0 2.3 
UAMND 
SW 
5.2 7.7 3.0 161.0 385.0 66.0 1.8 18.0 1.0 0.1 23.0 2.8 
UAMND 
SW 
5.3 7.7 4.0 105.0 441.0 89.0 0.9 41.0 0.6 0.1 7.0 2.3 
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UAMD 
NSW 
6.5 7.8 12.0 161.0 805.0 117.0 2.4 57.0 1.2 0.3 9.0 2.2 
AMD 
NSW 
6.5 7.8 27.0 134.0 886.0 106.0 3.8 100.0 1.6 0.3 16.0 2.4 
Natural 
Conditions 
NSW 
6.6 7.8 37.0 136.0 1117.0 140.0 5.0 113.0 1.5 0.4 9.0 2.6 
AMD 
SW 
6.7 7.8 31.0 118.0 1194.0 100.0 4.6 76.0 1.6 0.4 10.0 2.5 
AMD 
SW 
6.5 7.8 42.0 135.0 1067.0 130.0 6.2 85.0 1.9 0.4 11.0 2.7 
AMD 
SW 
6.3 7.8 42.0 122.0 979.0 98.0 5.8 81.0 2.0 0.3 12.0 2.6 
 
Table B-4: 2019 Bermudagrass Soil Nutrients. 
Description 
Soil 
pH 
Buffer 
pH 
P K Ca Mg Zn Mn Cu B Na 
OM 
(%) 
UAMD 
SW 
6.3 7.8 3.0 152.0 589.0 80.0 1.0 28.0 0.8 0.1 11.0 2.1 
UAMD 
SW 
5.2 7.7 2.0 93.0 268.0 47.0 0.7 27.0 0.7 0.0 11.0 2.4 
UAMD 
SW 
5.6 7.8 3.0 97.0 376.0 85.0 0.8 39.0 0.7 0.0 12.0 2.2 
UAMD 
NSW 
6.3 7.8 6.0 120.0 500.0 96.0 1.2 46.0 0.7 0.1 8.0 1.8 
AMD 
NSW 
6.5 7.8 17.0 113.0 760.0 89.0 2.0 83.0 1.3 0.1 9.0 2.1 
Natural 
Conditions 
NSW 
6.3 7.8 18.0 91.0 663.0 97.0 2.1 75.0 1.2 0.1 5.0 2.2 
 88 
AMD 
SW 
6.9 7.8 33.0 126.0 2035.0 102.0 4.8 105.0 1.8 0.4 12.0 2.5 
AMD 
SW 
6.4 7.8 28.0 109.0 953.0 97.0 4.8 81.0 1.6 0.2 11.0 2.4 
AMD 
SW 
6.5 7.8 37.0 114.0 974.0 90.0 6.4 84.0 2.3 0.2 11.0 2.5 
 
Table B-5: 2020 Fescue Soil Nutrients. 
Description 
Soil 
pH 
Buffer 
pH 
P K Ca Mg Zn Mn Cu B Na 
OM 
(%) 
UAMD 
SW 
5.2 7.6 4.0 82.0 273.0 82.0 1.3 16.0 1.0 0.0 12.0 2.02 
UAMD 
SW 
4.9 7.6 3.0 85.0 257.0 69.0 2.1 11.0 0.9 0.0 9.0 2.49 
UAMD 
SW 
5.1 7.7 2.0 74.0 201.0 58.0 1.1 15.0 0.8 0.0 12.0 1.72 
BGS AMD 
SW 
5.0 7.6 2.0 74.0 210.0 70.0 1.3 11.0 0.9 0.0 9.0 2.25 
BGS AMD 
SW 
5.0 7.6 3.0 69.0 243.0 71.0 4.8 13.0 0.9 0.0 7.0 2.36 
BGS AMD 
SW 
5.1 7.6 3.0 72.0 244.0 87.0 1.6 16.0 1.0 0.0 9.0 2.02 
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BGS AMD 
NSW 
5.0 7.7 3.0 65.0 200.0 60.0 1.4 12.0 0.8 0.0 14.0 1.89 
BGS AMD 
NSW 
4.9 7.6 2.0 34.0 142.0 46.0 1.5 8.0 0.7 0.0 12.0 1.54 
BGS AMD 
NSW 
5.0 7.6 3.0 64.0 178.0 63.0 6.9 10.0 0.8 0.0 13.0 1.98 
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Appendix C 
Rainfall Simulation Water Quality (Turbidity and TSS) Tables 
Table C-1: Fescue 2019 ARC I Turbidity (NTU) Data. 
Time 
Plot 
1 2 3 4 5 6 7 8 9 
5 32.00 10.56 45.17 48.76 - 10.16 - - - 
10 38.50 31.26 48.37 11.56 9.44 N/A* 37.97 73.12 - 
15 34.70 29.56 35.67 8.06 573.94 52.76 50.77 68.12 63.87 
20 27.20 36.36 46.27 8.86 141.94 13.96 46.37 60.12 71.77 
25 30.30 37.46 43.67 7.26 72.34 5.76 44.97 57.52 79.07 
30 25.50 30.16 34.67 7.26 48.34 12.36 39.87 50.22 78.57 
*N/A indicates a missed sample during the collection process. 
Table C-2: Fescue 2019 ARC I TSS (mg/L) Data. 
Time 
Plot 
1 2 3 4 5 6 7 8 9 
5 37.50 3.24 50.93 58.29 - 49.06 - - - 
10 35.52 21.97 10.02 10.30 30.86 N/A* 73.11 79.70 - 
15 30.11 11.08 25.30 23.84 1210.02 98.69 31.26 52.92 39.84 
20 17.98 14.81 17.03 17.30 298.15 30.81 26.86 51.13 48.99 
25 22.78 21.68 0.67 16.92 127.67 22.90 24.47 34.99 45.45 
30 14.63 27.88 10.71 16.65 88.63 34.71 23.30 32.06 43.50 
*N/A indicates a missed sample during the collection process. 
Table C-3: Fescue 2019 ARC III Turbidity (NTU) Data. 
Time 
Plot 
1 2 3 4 5 6 7 8 9 
5 48.40 27.06 45.06 16.57 77.99 13.84 34.27 65.81 36.76 
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10 38.70 45.06 28.66 9.87 28.69 7.34 34.27 54.41 55.66 
15 36.40 44.86 27.26 2.05 9.89 5.24 19.57 55.11 95.36 
20 27.50 33.66 29.56 5.50 15.79 6.94 26.87 49.21 78.76 
25 13.90 40.36 26.76 5.09 7.79 2.00 17.47 53.51 70.06 
30 18.80 23.86 26.96 6.01 9.79 2.74 15.67 55.01 61.66 
 
Table C-4: Fescue 2019 ARC III TSS (mg/L) Data. 
Time 
Plot 
1 2 3 4 5 6 7 8 9 
5 43.36 28.14 40.77 13.81 103.48 24.97 39.54 57.21 31.57 
10 21.94 32.02 42.40 10.61 27.68 10.58 31.69 38.78 51.48 
15 20.54 14.15 30.78 6.89 13.91 3.12 27.93 39.58 69.56 
20 4.37 18.27 28.85 3.13 23.60 14.41 28.31 35.74 59.88 
25 14.81 21.12 17.37 6.26 16.75 0.00 20.67 40.50 55.52 
30 15.26 6.50 21.22 16.44 0.00 7.15 24.67 42.40 56.74 
 
Table C-5: Bermudagrass 2019 ARC I Turbidity (NTU) Data. 
Time 
Plot 
1 2 3 4 5 6 7 8 9 
5 1.26 4.76 0.02 59.63 67.37 49.66 - 16.51 - 
10 1.54 2.48 18.13 34.33 21.97 16.26 41.42 12.41 9.10 
15 N/A 11.05 15.47 20.03 15.07 15.46 10.12 7.71 23.35 
20 7.28 8.20 2.19 22.33 10.17 10.76 12.32 8.21 14.45 
25 13.03 21.05 4.13 21.33 5.01 11.06 6.32 6.78 14.45 
30 9.63 22.95 8.87 14.93 8.57 11.36 6.35 7.91 10.55 
 
Table C-6: Bermudagrass 2019 ARC I TSS (mg/L) Data. 
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Time 
Plot 
1 2 3 4 5 6 7 8 9 
5 9.70 14.39 3.34 53.54 289.58 237.56 - 62.99 - 
10 3.95 6.82 6.04 23.52 32.05 34.51 81.82 52.08 34.67 
15 N/A 14.82 0.00 13.14 20.70 117.01 62.16 30.79 43.15 
20 10.03 7.52 7.02 17.50 14.00 31.12 35.23 38.94 42.62 
25 10.26 17.13 0.00 7.52 12.98 17.73 30.45 27.75 38.09 
30 9.72 20.80 9.95 12.84 13.10 16.58 23.69 35.13 31.75 
 
Table C-7: Bermudagrass 2019 ARC III Turbidity (NTU) Data. 
Time 
Plot 
1 2 3 4 5 6 7 8 9 
5 108.68 74.79 7.59 41.56 74.68 32.28 59.80 75.79 97.91 
10 46.78 34.89 21.18 62.36 44.08 38.38 21.40 55.29 62.21 
15 29.28 9.59 1.42 60.56 49.58 14.78 6.14 46.19 71.01 
20 3.06 2.18 16.28 21.76 25.38 25.58 1.27 20.39 35.21 
25 20.98 1.80 15.78 15.86 18.28 24.68 4.90 24.89 48.51 
30 1.18 1.22 2.81 104.16 22.38 17.28 1.84 18.89 32.21 
 
Table C-8: Bermudagrass 2019 ARC III TSS (mg/L) Data. 
Time 
Plot 
1 2 3 4 5 6 7 8 9 
5 271.55 28.25 16.99 24.47 83.19 149.06 88.04 114.36 105.15 
10 38.95 6.34 24.08 62.49 38.10 31.80 23.81 58.77 69.25 
15 16.45 13.46 6.69 52.83 37.46 10.60 10.01 49.07 52.09 
20 6.41 5.88 21.00 24.23 17.02 20.62 3.46 31.25 37.76 
25 17.82 10.71 13.51 21.52 10.79 21.48 13.67 30.51 32.21 
30 10.32 2.98 9.56 113.79 18.12 14.17 10.37 20.86 34.97 
 
Table C-9: Bermudagrass 2020 ARC I Turbidity (NTU) Data. 
Time 
Plots 
1 2 3 4 5 6 7 8 9 
5 78.03 65.13 69.58 207.12 240.07 171.70 - - - 
10 49.53 41.03 44.28 200.12 153.07 105.70 224.20 271.49 1217.37 
15 38.93 43.33 40.18 185.12 137.07 90.80 139.20 28.59 49.47 
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20 36.93 41.63 36.98 168.12 121.07 81.70 118.20 26.69 40.27 
25 35.43 46.93 39.68 149.12 108.07 73.10 113.20 23.89 36.47 
30 34.43 43.63 38.18 141.12 97.07 69.20 106.20 22.49 33.17 
 
Table C-10: Bermudagrass 2020 ARC I TSS (mg/L) Data. 
Time 
Plots 
1 2 3 4 5 6 7 8 9 
5 58.19 39.21 25.24 214.10 481.63 96.46 - - - 
10 26.30 13.52 9.96 116.35 90.63 59.17 321.58 644.90 1827.18 
15 13.88 11.68 0.00 91.63 74.42 51.80 70.64 13.95 25.82 
20 16.81 21.06 0.00 82.60 62.55 42.84 45.00 21.42 17.70 
25 2.71 6.90 0.00 72.73 62.71 37.60 42.50 8.04 15.71 
30 3.58 14.73 0.00 69.88 48.18 35.28 44.01 14.67 4.31 
 
Table C-11: Bermudagrass 2020 ARC III Turbidity (NTU) Data. 
Time 
Plots 
1 2 3 4 5 6 7 8 9 
5 134.09 102.93 70.30 188.91 141.41 216.31 134.28 58.62 171.60 
10 61.79 82.83 72.20 221.91 164.41 173.31 139.28 61.62 103.60 
15 56.19 78.43 66.10 189.91 159.41 136.31 141.28 61.12 82.40 
20 48.79 71.63 60.40 170.91 141.41 111.31 132.28 58.32 69.50 
25 42.59 64.93 55.00 151.91 127.41 97.31 115.28 47.62 61.20 
30 38.19 58.63 50.70 133.91 112.41 86.41 106.28 43.52 54.10 
 
Table C-12: Bermudagrass 2020 ARC III TSS (mg/L) Data. 
Time 
Plots 
1 2 3 4 5 6 7 8 9 
5 100.45 55.02 40.91 124.38 91.85 143.31 91.02 56.58 100.07 
10 20.32 26.04 26.78 137.19 84.19 101.58 85.06 44.52 52.68 
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15 20.07 22.10 32.49 111.77 80.10 68.30 72.29 35.53 41.43 
20 14.39 21.33 6.89 88.50 64.68 46.53 66.51 27.03 30.85 
25 11.02 13.32 5.89 73.87 59.62 38.61 59.07 24.27 14.47 
30 6.89 3.11 9.32 65.26 49.91 27.65 57.72 18.83 20.37 
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